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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wireless data transmission system utilizing 
the SDM and compatibile with a conventional wireless communication system, and to 
provide a wireless data transmission/reception apparatus. 
SOLUTION: The wireless data transmission system including a transmission 
apparatus and a reception apparatus is characterized in that when the transmission 



apparatus starts data transmission to the reception apparatus, the transmission 
apparatus transmits data including a maximum number of antennas available for the 
transmission and a maximum number of available data sequences to spatial division 
multiplexing control data to the reception apparatus, and when the transmission 
apparatus receives a discrimination result indicating impossibility of reception by the 
number of the transmission antennas and the number of the data sequences, the 
transmission apparatus transmits data including a reduced number of the 
transmission antennas and a reduced number of the data sequences to the spatial 
division multiplexing control data to the reception apparatus. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

It is a sending set which is provided with two or more antennas, carries out the 
space division multiple of the data of one or more series, and carries out wireless 
transmission using the same frequency channel, 

A sending set provided with a means to generate space division multiple control data 
containing the number of antennas used for transmission between said two or more 
antennas, and the number of series of data to transmit, to include this space division 
multiple control data in data of at least 1 series, and to transmit. 
[Claim 2] 

It is a receiving set which can receive data by which wireless transmission was 
carried out from the sending set according to claim 1 , 

Said sending set acquires the number of antennas used for transmission, and the 
number of series of data to transmit from said space division multiple control data 
contained in received data, A receiving set provided with a means to distinguish 
whether it is ability ready for receiving for data with this number of transmission 
antennas, and the number of data series, and to transmit a discriminated result to 
said sending set. 
[Claim 3] 



A radio data transmission system constituted including respectively the sending set 
according to claim 1 and the receiving set according to claim 2 one or more. 
[Claim 4] 

In the radio data transmission system according to claim 3, 

When starting data transmission to a receiving set, said sending set includes the 
maximum number of an antenna usable to transmission, and the maximum number of 
an usable data series in said space division multiple control data, and transmits, A 
radio data transmission system including what reduced each of said number of 
transmission antennas, and the number of data series in said space division multiple 
control data, and transmitting when a discriminated result that it is unreceivable with 
said number of transmission antennas and the number of data series is received 
from said receiving set. 
[Claim 5] 

Said sending set is provided with a means to modulate send data with an OFDM 
system and to transmit, 

The radio data transmission system according to claim 3, wherein said receiving set 
is provided with a means to restore to received data with an OFDM system. 
[Claim 6] 

Wireless data transceiving equipment which is provided with the following and 
characterized by transmission and reception of wireless data being possible. 
The sending set according to claim 1 . 
The receiving set according to claim 2. 

[Claim 7] 

In the radio data transmission system according to claim 3, 

A radio data transmission system, wherein said sending set and a receiving set 
transmit as a data packet which added a preamble of ARIB STD-T71 system to said 
send data which carried out the space division multiple. 
[Claim 8] 

In the radio data transmission system according to claim 3, 

A radio data transmission system, wherein said sending set and a receiving set 
transmit as a data packet which added a preamble of an IEEE802.1 1a system to said 
send data which carried out the space division multiple. 
[Claim 9] 

Said sending set transmits to the signal field included in a preamble of said data 
packet including data in which a modulation method of said send data which carried 
out the space division multiple is shown, 

The radio data transmission system according to claim 7 or 8, wherein said receiving 
set restores to received data with a modulation method shown in said signal field. 
[Claim 10] 

The radio data transmission system according to claim 9, wherein said sending set 
transmits to the signal field included in a preamble of said data packet further 



including data in which it is shown whether send data is data based on a space 
division multiple system. 
[Claim 11] 

The radio data transmission system according to claim 9, wherein said sending set 
transmits to the signal field included in a preamble of said data packet further 
including data in which data length of send data is shown. 
[Claim 12] 

A radio data transmission system given in any 1 clause of Claim 9, wherein said 
sending set adds the signal field which contained further data in which a modulation 
method and data length of said send data are shown to a head of said send data and 
transmits to 1 1 . 
[Claim 13] 

The radio data transmission system according to claim 12, wherein said sending set 
includes MAC control information on send data in a data field of a data packet of 
said ARIB STD-T71 system or an IEEE802.1 1a system further and transmits. 
[Claim 14] 

Said sending set changes a part of data length of a preamble contained in said data 

packet with a modulation method of send data, and transmits, 

The radio data transmission system according to claim 7 or 8 said receiving set's 

identifying a modulation method of received data with a part of data length of said 

preamble, and restoring to received data with this modulation method. 

[Claim 15] 

Said sending set transmits to a preamble for propagation path estimates added to a 
head of send data in said data packet including data in which a modulation method of 
this send data is shown, 

The radio data transmission system according to claim 7 or 8, wherein said receiving 
set restores to received data with a modulation method shown by said preamble for 
propagation path estimates. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the wireless data sending set and receiving set for realizing 
the radio data transmission system which carried out division multiplex [ of the 
transmission data ], and accelerated data communications especially, and this about 
the radio data transmission system and wireless data transceiving equipment which 
use a 5GHz bandwidth. 
[0002] 

[Description of the Prior Art] 

In recent years, two or more small-power-wireless communications systems of the 
license needlessness which uses a 5GHz bandwidth are proposed, and are 
standardized. For example, in the HiSWAN (High Speed Wireless Access System) 
standard of ARIB (Association of Radio Industries and Businesses), an indoor- 
oriented radio communications system is mainly provided in a 5GHz bandwidth. 
[0003] 

In IEEE802.1 1a which is one of the wireless LAN standards by IEEE (Institute of 
Electrical and Electronics Engineers). Use the frequency band of the 5.2-GHz 
circumference and to a modulation method An OFDM system, The CSMA/CA 
(Carrier Sense Multiple Access with Collision Avoidance) system is adopted as a 
MAC layer, and access speed provides the radio communications system in which 
the high-speed wireless communications of 36 - 54Mbps are possible. 
[0004] 

However, to 5.15 GHz permitted to such a small-power-wireless communications 
system - 5.25 GHz bands. There are only four channels of 20 MHz (an occupancy 
signal frequency band is 18 MHz) of frequency bands, and it is said that it is difficult 
to raise the throughput as a radio communications system. 
[0005] 

The technology of SDM (Space Division Multiplexing: space division multiple) is 
proposed under such a situation as technology which raises access speed. In the 
radio communications system using SDM, a sending set transmits simultaneously 
different data using two or more antennas with the same frequency band, and a 
receiving set receives these signals by which multiplex was carried out, and is 
separated. 
[0006] 

An example using such SDM of a radio communications system is explained briefly. 
In this example, the sending set and the receiving set shall be provided with two 
antennas, and the number of the data series transmitted and received shall also be 
two. Although anythings are possible for the modulation method of data, the OFDM 



modulation system with which it opts for specificatiorHzation by the 5GHz 

bandwidth here shall be used. 

[0007] 

Drawing 13 is a figure showing roughly the composition of the radio communications 
system in this example. In drawing 13, the sending set of this radio communications 
system is provided with two antenna TxAnt.A and TxAnt_B, and the receiving set is 
also provided with two antenna RxAnt_A and RxAnt.B. 
[0008] 

When transmitting data to a receiving set from a sending set, a sending set 
transmits simultaneously the data Tx (A) divided into two, and each of Tx (B) with 
the same frequency band from antenna TxAnt.A and TxAnt_B. 
[0009] 

The data Tx (A) transmitted from antenna TxAnt_A passes along the propagation 
ways H1 1 and H12, and is received by antenna RxAnt.A and RxAnt_B of a receiving 
set, respectively. Similarly, the data Tx (B) transmitted from antenna TxAnt_B 
passes along the propagation ways H21 and H22, and is received by antenna 
RxAnt_A and RxAnt_B of a receiving set, respectively. 
[0010] 

In antenna RxAnt_A of a receiving set, the received data from the propagation ways 
H11 and H21 are received as the compounded received data Rx (A). Similarly, in 
antenna RxAnt_B, the received data from the propagation ways H12 and H22 are 
received as the compounded received data Rx (B). 
[0011] 

Here, the following determinants (1) can express the received data Rx (A) and Rx (B) 
in each antenna of a receiving set using the propagation way H1 1, H12, H21 and H22, 
and the send data Tx (A) and Tx (B) in each antenna of a sending set. 
[0012] 

[Mathematical formula 1] 
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[0013] 

In a receiving set, when the propagation ways H1 1-H22 are known beforehand, the 
received data Rx (A) and Rx (B) to the send data Tx (A) and Tx (B) are calculated. If 
the determinant shown by H1 1-H22 is set to H (it is hereafter called a "propagation 
way procession") and the inverse matrix is made into H"\ the following determinants 
(2) can express the send data Tx (A) and Tx (B). 
[0014] 

[Mathematical formula 2] 
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[0015] 

Since the propagation way procession H changes with communication environment, 
it is common by preceding performing data communications and transmitting known 
data to a receiving set from a sending set to search for the propagation way 
procession H. This known data is called preamble for propagation way measurement. 
[0016] 

For example, the case where included the data [ data / a and a ] a from antenna 
TxAnt_B and -a in the head of the burst, and it transmits from antenna TxAnt_A of a 
sending set as a preamble for propagation way measurement is considered. Drawing 
14 is a figure showing the example of the packet format at the time of transmission 
of this preamble for propagation way measurement. It is superimposed on the 
preamble for propagation way measurement transmitted from each antenna of the 
sending set through the propagation way H, and it is received by each antenna 
RxAnt_A and RxAnt_B of a receiving set. 
[0017] 

At this time, the data received by antenna RxAnt_A of the receiving set is set to r1 
and r2, and the following determinant will be materialized if the data received by 
antenna RxAnt_B is set to r3 and r4. 
[0018] 

[Mathematical formula 3] 
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[0019] 

In an upper type, since r1-r4 are the received data in a receiving set and a and -a 
are known pilot signals beforehand, (3) types will be transformed and the propagation 
way procession H will be expressed with the following formula. 
[0020] 

[Mathematical formula 4] 
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[0021] 

However, in the radio communications system in this example, since the OFDM 
modulation system is adopted, the propagation way procession H shown by (4) 
formulas about each subcarrier of OFDM must be searched for. 
[0022] 

Next, the OFDM wireless communication system using the 5GHz bandwidth which 
specification has already decided is explained briefly. This system is a CSMA/CA 
system specified to ARIB-STD T-71. 

Except for the laws and regulations in each country including the frequency band to 
be used, it has the same specification as IEEE802.1 1a. 

[0023] 

Drawing 15 is a figure showing roughly the composition of the communication packet 
used in this OFDM wireless communication system. In drawing 15, the 
communication packet comprises the area B and the C region included the preamble 
signal, the signal field shown in SF, and a data field shown by DF. 
[0024] 

Although a preamble signal is known data between a sending set and a receiving set, 
it is not prescribed by specifications in particular how the preamble signal included in 
area B and a C region is used in a receiving set. Usually, area B is a repetition (0.8 
microsecond x ten pieces) of the data for 0.8 microsecond, and is used for data 
communications, such as AGC control, a coarse estimating frequency offset, and a 
symbol synchronization. A C region is used for data communications, such as 
propagation path estimate and a fine estimating frequency offset. 
[0025] 

Drawing 1 6 is a figure showing the composition of the data contained in the signal 
field (SF). The modulation rate of the data field (DF) which SF comprises 24-bit data 
and follows below 4 bits. Reserve is included for the length (byte length) of a data 
field, and the error correction tail bit for the signal fields (SF) is contained for the 
parity bit for the signal fields (SF) by 6 bits by 1 bit by 1 bit by 12 bits. 
[0026] 

In the receiving set by ARIB-STD T-71 specification (it is only hereafter written as 
"T-71 "), drawing 1 7 is a flow chart which shows the flow of the processing which 
receives the above-mentioned wireless transfer wave, and to which it restores. 
If an electric wave is detected (Step S1701), a receiving set will acquire a preamble 
and will judge whether the electric wave is an electric wave of T-71 format (Step 
S1702). When a reception radio wave is an electric wave of T-71, it restores to the 
signal field (SF) and it is judged whether the signal field (SF) is the right based on a 
parity bit etc. (Step S1703). 
[0027] 



The signal field (SF) restores to a following data field (DF) further to a right case 
based on the modulation rate of the data field (DF) contained there (Step S1704). 
The recovery of OFDM symbol data which received is continued until a receiving set 
reaches the data length (Length) of the data field (DF) contained in the signal field 
(SF) (Step S1705). 
[0028] 

On the other hand, in the above-mentioned step S1702, when it judges with the 
received electric wave not being an electric wave of T-71 format, the radio field 
intensity of a reception radio wave is measured (Step S1 706), and size with the 
threshold value L1 beforehand set to this radio field intensity is compared (Step 
S1707). When received radio field intensity is more than threshold value L1 , it judges 
that carrier communication is in use, and it stands by until received radio field 
intensity becomes smaller than the threshold value L1 . 
[0029] 

In the above-mentioned step S1703, although the electric wave of the T-71 format 
was received, When it judges with that signal field (SF) having an error, the intensity 
of a reception radio wave is measured (Step S1708), and size with the threshold 
value L2 beforehand set to this radio field intensity is compared (Step S1709). When 
received radio field intensity is more than threshold value L2, it judges that carrier 
communication is in use, and it stands by until received radio field intensity becomes 
smaller than the threshold value L2. 
[0030] 

In the above-mentioned steps S1707 and S1709, in order that a receiving set may 
protect so that a send action may not be caused during carrier communication use, 
it is made not to perform other processings, until received radio field intensity 
becomes smaller than the threshold value L1 or L2. It is because the CSMA/CA 
system is taken, so it is necessary to avoid the collision of wireless transfer data in 
T-71. In a receiving set, while processing Steps S1701-S1709, suppose that a send 
action cannot be performed. 
[0031] 

The threshold values L1 and L2 set up beforehand are different values, and assume 
that it has set up so that it may be set to L1>L2. In order to improve safety more to 
the electric wave of the same communications system, the value of L2 is made 
lower than L1 . 
[0032] 

The specification of the MAC layer used for ARIB-STD T-71 and IEEE802.1 1a is 
indicated to IEEE802.1 1 . As described above, in order to transmit by T-71 , it must 
judge that carrier communication is not used, but it is necessary besides operating 
condition judgment of such a physical carrier to check not being used logically. Time 
to be needed for a series of operations in the packet communication is shown to the 
header of each packet by IEEE802.1 1. Therefore, the equipment which tries to 
transmit by T-71 needs to transmit by checking the logical reservation status. 
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[0033] 

[Problem to be solved by the invention] 

By the way, since it will become possible to increase the number of the data series 
transmitted and received according to the number of an antenna with the same 
frequency band if an SDM system is used as mentioned above, high-speed mass 
communication can be performed compared with the system which does not use an 
SDM system. A radio wave resource can be efficiently used by adjusting the number 
of antennas to be used, and the number of transmitted-and-received-data series 
according to the channel capacity of a radio communications system. 
[0034] 

On the other hand, in the conventional radio communications system, the number of 
the data series transmitted and received in one frequency band is one. For this 
reason, when starting communication, while the sending set sent the radio wave in 
the specific frequency band, the radio wave in the frequency band where a receiving 
set is specific was received, and communication was able to be established by 
restoring to this to data. Of course, in the sending set and the receiving set, in order 
to improve communicative quality, two or more antennas might be used, but it is 
only for this acquiring the gain by a die by city, and a sending set and a receiving set 
did not need to recognize the antenna number used. 
[0035] 

However, in a radio communications system using SDM, At least, transmission and 
reception of two or more data series are attained in one frequency band, and it can 
be transmitted by using two or more antennas in a sending set and a receiving set 
and received [ a theory top can carry out multiplex / of the data series for a 
transmission antenna number /, and ]. Therefore, in a receiving set, it is necessary 
to detect the number of transmission antennas used for a kind and transmission of 
data transmitted from a sending set. This invention tends to provide a radio data 
transmission system and wireless data transceiving equipment this [ whose ] is 
made possible. 
[0036] 

In order to use the above-mentioned SDM-OFDM system by a 5GHz bandwidth, it is 
desirable for there to be a radio communications system and compatibility, such as 
ARIB-STD T-71 which exists from the former, and IEEE802.1 1a. However, a system 
configuration which enables coexistence with a radio communications system of an 
SDM-OFDM system and the conventional radio communications system is not yet 
proposed. 
[0037] 

Therefore, this invention is a radio data transmission system using SDM, and tends 
to provide a radio data transmission system and wireless data transceiving 
equipment provided with compatibility with the conventional radio communications 



system again. 
[0038] 

[Means for solving problem] 

In view of above-mentioned solution SUBJECT, this invention person thought out 
wholeheartedly to a radio data transmission system and wireless data transceiving 
equipment which have the following composition as a result of research. 
Namely, it is a sending set which this invention is provided with two or more 
antennas, and carries out the space division multiple of the data of one or more 
series, and carries out wireless transmission using the same frequency channel, 
Space division multiple control data containing the number of antennas used for 
transmission between said two or more antennas and the number of series of data 
to transmit is generated, and a sending set provided with a means to include this 
space division multiple control data in data of at least 1 series, and to transmit is 
provided. 
[0039] 

This invention is a receiving set which can receive again data by which wireless 
transmission was carried out from the above-mentioned sending set, Said sending 
set acquires the number of antennas used for transmission, and the number of 
series of data to transmit from said space division multiple control data contained in 
received data, It distinguishes whether it is ability ready for receiving for data with 
this number of transmission antennas, and the number of data series, and a receiving 
set provided with a means to transmit a discriminated result to said sending set is 
provided. 
[0040] 

In wireless data transmission using a space division multiple according to a sending 
set and a receiving set of these this inventions, By notifying the available number of 
antennas, and the number of data series, and suiting with a sending set and a 
receiving set, an effect by a space division multiple is made into the maximum, and it 
becomes possible to raise a data transmission rate. 

This invention provides again the radio data transmission system constituted 
including an above-mentioned sending set and receiving set one or more 
respectively. 
[0041] 

In the radio data transmission system of above-mentioned this invention, said 
sending set, When starting data transmission to a receiving set, include the maximum 
number of an antenna usable to transmission, and the maximum number of an usable 
data series in said space division multiple control data, and it transmits, When a 
discriminated result that it is unreceivable with said number of transmission 
antennas and the number of data series is received from said receiving set, what 
reduced each of said number of transmission antennas and the number of data 
series is included in said space division multiple control data, and it transmits. 
[0042] 



A sending set can detect the maximum receivable number of transmission antennas 
and the number of data series in a receiving set by continuing transmitting, reducing 
the number of transmission antennas, and the number of data series until it receives 
a discriminated result with ability ready for receiving from a receiving set. 
[0043] 

In the radio data transmission system of this invention, said sending set is provided 
with a means to modulate send data with an OFDM system and to transmit, and said 
receiving set is provided with a means to restore to received data with an OFDM 
system. 

Typically, a radio data transmission system of this invention carries out the space 
division multiple (SDM) of the sending signal which carried out OFDM modulation 
further, and an SDM-OFDM system which transmits using two or more antennas and 
data series is used for it. 
[0044] 

This invention is provided with an above-mentioned sending set and a receiving set, 
and provides again wireless data transceiving equipment in which transmission and 
reception of wireless data are possible. 

In a radio data transmission system of above-mentioned this invention, said sending 
set and a receiving set transmit as a data packet which added a preamble of ARIB 
STD-T71 system or an IEEE802.1 1a system to said send data which carried out the 
space division multiple. 
[0045] 

Since the same frequency band as a wireless communication system by a space 
division multiple of this invention is used for a wireless communication system of 
these former, by adding a preamble common to a data packet in a system of this 
invention with these, It becomes possible to build the conventional wireless 
communication system and a radio data transmission system which has high 
compatibility. 
[0046] 

In a radio data transmission system of this invention, said sending set, Transmitting 
to the signal field included in a preamble of said data packet including data in which 
a modulation method of said send data which carried out the space division multiple 
is shown, said receiving set restores to received data with a modulation method 
shown in said signal field. 
[0047] 

By this the transceiving equipment of this invention. [ whether the received packet 
data are what is transmitted by the space division multiple system of this invention, 
and ] It becomes possible to carry out reception of whether it is what is transmitted 
by the conventional wireless communication system in the same operation, even if it 
becomes possible to distinguish from the signal field of a packet and is a packet of 
which system. 
[0048] 



In the radio data transmission system of this invention, said sending set transmits to 
the signal field included in the preamble of said data packet further including the 
data in which it is shown whether send data is data based on a space division 
multiple system. 
[0049] 

Thereby, even if it is a case where the data packet by the space division multiple 
system of this invention is received in the transceiving equipment by the 
conventional wireless communication system, it becomes possible about it being a 
packet of the communication method to distinguish from the signal field. What is 
necessary is just to cancel the packet, when it is judged that the data to which it 
cannot restore with the transceiving equipment concerned is contained in a packet. 
[0050] 

In the radio data transmission system of this invention, said sending set transmits to 
the signal field included in the preamble of said data packet further including the 
data in which the data length of send data is shown. 
[0051] 

Transceiving equipment which received such a data packet can recognize correctly 
data length of a data field which continues after a preamble. When a data packet by 
a space division multiple system of this invention is especially received in 
transceiving equipment by the conventional wireless communication system, Since it 
can restore to a following data field and the data length can be correctly recognized 
that there is nothing, it can wait to complete transmission of the data concerned 
and the next transmission and reception operations can be performed. 
[0052] 

In a radio data transmission system of this invention, said sending set adds the 
signal field which contained further data in which a modulation method and data 
length of said send data are shown to a head of said send data, and transmits. 
[0053] 

It becomes unnecessary to use a modulation method and data length of the same 
data by each data series unlike a case where this transmits including data in which a 
modulation method and data length of said send data are shown in a preamble of a 
data packet by the conventional wireless communication system as mentioned 
above. For this reason, it becomes possible to perform data communications of more 
various forms. 
[0054] 

In a radio data transmission system of this invention, said sending set includes MAC 
control information on send data in a data field of a data packet of said ARIB STD- 
T71 system or an IEEE802.1 1a system further, and transmits. 
[0055] 

The data in which the logical operating condition of carrier communication is shown 
is contained in the MAC control information on send data, and according to the 
above-mentioned composition. Also in the transceiving equipment of ARIB STD-T71 



conventional system or an IEEE802.1 1a system, it becomes possible to acquire this 
MAC control information, and it becomes possible to build a more reliable radio data 
transmission system. 
[0056] 

In the radio data transmission system of this invention, said sending set, A part of 
data length of the preamble contained in said data packet is changed with the 
modulation method of send data, and is transmitted, said receiving set identifies the 
modulation method of received data with a part of data length of said preamble, and 
it restores to received data with this modulation method. 
[0057] 

In the radio data transmission system of this invention, said sending set, 
Transmitting to the preamble for propagation path estimates added to the head of 
the send data in said data packet including the data in which the modulation method 
of this send data is shown, said receiving set restores to received data with the 
modulation method shown by said preamble for propagation path estimates. 
It becomes possible to include in a preamble the data in which the modulation 
method of send data is shown, without changing the data of the preamble already 
specified by the conventional system according to these methods. 
[0058] 

[Mode for carrying out the invention] 

Hereafter, an embodiment of the invention is described in detail, referring to an 
accompanying drawing. 

Drawing 1 - drawing 12 are figures which illustrate each embodiment of this 
invention, and in these figures, a portion which attached the same mark expresses 
the same thing, and let these fundamental composition and operations be the same 
things. In each following embodiment, the antenna n [ several ] which transceiving 
equipment has is set to 2, and is also setting to 2 the number of data series 
transmitted and received. A modulation method shall be based on an OFDM system 
like an example quoted by a Prior art. 
[0059] 

[A 1st embodiment] 

Below, it divides into composition and operation in a sending set, and composition 
and operation in a receiving set, and a radio data transmission system concerning a 
1st embodiment of this invention is explained in order. 
[0060] 

Drawing 1 is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system of this embodiment. 

In drawing 1, the sending set of this embodiment comprises the send data generation 
part 101, the space division multiple control data generating section 102, the 
transmission-control circuit 103, the OFDM signal generation parts 1 04A and 104B, 
RF sections 105A and 105B, and the antennas 106A and 106B. 
[0061] 



It is what the send data generation part 101 generates send data, and is outputted 
to the OFDM signal generation parts 104A and 104B, The information data which 
should be transmitted from the upper layer (here, not shown) was received, and it 
has the circuit which generates the signal which processes an error correction etc. 
and can be transmitted in an OFDM format. 
[0062] 

The space division multiple control data generating section 102 outputs the number 
ktx of transmission antennas and k1 data series which are used in communication by 
a space division multiple (SDM) system to the OFDM signal generation part 104B as 
space division multiple control data. The space division multiple control data 
generating section 102 also received the number ktx of transmission antennas, and 
k1 data series from the upper layer, performed processing required for these values, 
and is provided with the circuit outputted as a signal which can be transmitted in an 
OFDM signal format. [ as well as the send data generation part 101 ] In this 
embodiment, both the number ktx of transmission antennas and k1 data series will 
take the value of 1 or 2. 
[0063] 

The transmission-control circuit 103 generates and outputs the data in which the 
number kx of antennas and the number k1x of data series which a sending set 
actually uses are shown. This number kx of antennas and the number k1x of data 
series are values directed from the upper layer like the above ktx and k1, and these 
will take the value of 1 or 2 in this embodiment. 
[0064] 

The OFDM signal generation parts 104A and 1 04B modulate the sending signal 
received from the send data generation part 101 to an OFDM signal, respectively, 
and output it to RF sections 105A and 105B. In the OFDM signal generation part 
104B, the space division multiple control data received from the space division 
multiple control data generating section 102 is multiplexed to a sending signal. 
[0065] 

RF sections 105A and 105B are changed into frequency which actually uses a signal 
modulated in the OFDM signal generation parts 1 04A and 1 04B by radio, and are 
outputted to the antennas 106A and 106B, respectively. The antennas 106A and 
106B carry out wireless transmission of these signals. 
[0066] 

Operation which performs data transmission with a sending set of this embodiment 
constituted as mentioned above is explained. 

First, to communicate using an SDM system, it is necessary to notify beforehand the 
number of antennas and the number of data series which are used for transmission 
to a receiving set. Therefore, in a sending set of this embodiment, it precedes 
performing radio, and the space division multiple control data ktx generated by the 
space division multiple control data generating section 102, i.e., the number of 
transmission antennas, and k1 data series must be first transmitted to a receiving 



set. 
[0067] 

In transmission of this space division multiple control data, since the situation by the 
side of a receiving set is strange, it transmits as ktx=k 1= 2 (each maximum). In this 
case, in a sending set, the space division multiple control data generating section 
102, the OFDM signal generation part 104B, RF section 105B, and the antenna 106B 
will be used, and space division multiple control data will be transmitted to a 
receiving set. 
[0068] 

However, it is not necessary to set the maximum as ktx and k1, and to necessarily 
transmit to them, and what is necessary is just to transmit with the receivable 
number of antennas and the number of data series in the system, when the situation 
of each equipment which constitutes a radio data transmission system is already 
known. 
[0069] 

It is judged whether communication with the number ktx of antennas and k1 data 
series which are contained in the control data concerned is possible for the 
receiving set which received the above-mentioned space division multiple control 
data so that it may mention later. A receiving set according to the same data series 
as having received the above-mentioned control data. When it can communicate by 
the number ktx of antennas, and k1 data series, Ack (Acknowledge: mean that it can 
communicate by the condition), If communication is impossible, Nack (Non- 
Acknowledge: mean that it cannot communicate on the condition) will be transmitted 
to a sending set as reply data. 
[0070] 

When it communicates with the number ktx of antennas and k1 data series which 
transmitted with the above-mentioned control data when Ack was received as reply 
data and Nack is received, a sending set changes the number of antennas, and the 
number of data series into a lower value, and transmits control data again. When a 
receiving set becomes a receiving possible value by repeating this in a value with the 
number ktx of antennas, and k1 data series, a sending set will receive Ack. 
[0071] 

Drawing 2 is a flow chart which shows the flow of the send action of the space 
division multiple control data in a sending set. With the flow chart shown in drawing 2, 
the maximum of the number of antennas in a sending set and the number of send 
data series is not carried out in 2, but it is shown as any value. In order to simplify 
explanation, the case where the number of antennas and the number of data series 
which are used for transmission are the same is shown. 
[0072] 

In the sending set before starting transmission, both the values of kx and k1x are 
set to the transmission-control circuit 1 03 by 1 . In the sending set, in spite of 
having transmitted the space division multiple control data, the parameter Nack 



which shows the number of times which was not able to receive Ack is memorized, 
and 0 is set to the value of Nack as an initial value now. In the space division 
multiple control data generating section 102 of a sending set k1=n shall be set up as 
ktx=n and the number of data series as the number of transmission antennas used 
for data transmission (Step S200). 
[0073] 

First, a sending set assigns the value which subtracted the value of Nack from n to 
the number ktx of transmission antennas set up in the space division multiple 
control data generating section 102. The value which subtracted the value of Nack 
from n is assigned to k1 data series (Step S201). Here, since it is Nack=0, it is still 
ktx=k1=n. After this, it judges whether it is ktx=0, and if it is ktx=0, processing will be 
ended (Step S202). 
[0074] 

Next, a sending set transmits space division multiple control data to a receiving set 
with the number ktx of transmission antennas and k1 data series which are set up in 
the space division multiple control data generating section 102 now (Step S203). 
[0075] 

When Ack is received from a receiving set (Step S204), It judges that communication 
by the number ktx of transmission antennas and k1 data series is possible, and the 
value of ktx is assigned to the number kx of antennas used for communication also 
in the transmission-control circuit 103, and the value of k1 is assigned to the 
number k1x of data series, respectively (Step S206). Then, data communications can 
be started by the above-mentioned conditions (Step S207). 
[0076] 

When Nack is received from a receiving set, or when reply data is not received in 
fixed time (Step S204), the value of Nack is made to increase one time (Step S205), 
and it returns to Step S201. In Step S201, after resetting the number ktx of 
transmission antennas and k1 data series in the space division multiple control data 
generating section 102, unless ktx is 0 (Step S202), space division multiple control 
data is again transmitted to a receiving set. 
[0077] 

Thus, space division multiple control data is transmitted to a receiving set, reducing 
the number ktx of transmission antennas, and k1 data series every [ 1 ], The number 
ktx of transmission antennas and k1 data series in the time of receiving Ack from a 
receiving set are set up as the number kx of antennas used for subsequent 
communications, and the number k1x of data series, and data communications are 
performed, however, a receiving set is non-receipt, when it is set to ktx=0 before 
receiving Ack from a receiving set (Step S202) — or it judges that it does not exist 
and processing is interrupted. 

Thus, by controlling the send action of a sending set, the communication using the 
number of antennas and the number of data series maximum in the range which can 
receive a receiving set is establishable. 



[0078] 

Drawing 3 is a block diagram showing roughly the composition of the receiving set 
used in the radio data transmission system of this embodiment. 
In drawing 3, the receiving set of this embodiment The antennas 301 A and 301 B, It 
comprises RF sections 302A and 302B, the OFDM signal receiving circuits 303A and 
303B, the space division multiple control data analysis circuit 304, the reception- 
control circuit 305, the SDM treating part 306, and the received-data treating part 
307. 
[0079] 

RF sections 302A and 302B are provided with the RF circuit changed into the 
frequency band which can carry out digital processing of the RF signal received from 
the sending set by wireless data transmission. 

The OFDM signal receiving circuits 303A and 303B are provided with the circuit for 
performing OFDM recovery processing to the input signal by which frequency 
conversion was carried out in RF sections 302A and 302B. The OFDM signal 
receiving circuit 303B extracts again the space division multiple control data 
contained in an input signal, and outputs it to the space division multiple control 
data analysis circuit 304. 
[0080] 

The space division multiple control data analysis circuit 304 analyzes the space 
division multiple control data received from the OFDM signal receiving circuit 303B, 
and outputs the result to the reception-control circuit 305. Specifically, ktx and k1 
which are contained in space division multiple control data shall be detected and 
outputted. 
[0081] 

The reception-control circuit 305 controls the OFDM signal receiving circuits 303A 
and 303B and the SDM treating part 306 based on the space division multiple 
control data received from the space division multiple control data analysis circuit 

304. Although based on a predetermined algorithm about the method of this control, 
it explains in detail later. 

[0082] 

The reception-control circuit 305 outputs the signal which controls again the 
number kx of antennas and the number k1x of data series which are used for data 
receiving in a receiving set like the transmission-control circuit 103 of the sending 
set shown in drawing 1 . 

The received-data treating part 307 is provided with a circuit which performs 
required processing of an error correction etc. to an input signal to which it restored. 
[0083] 

According to this embodiment, when set to kx=k1x=1 in the reception-control circuit 

305, the antenna 301 B, RF section 302B, the OFDM signal receiving circuit 303B, 
and the received-data treating part 307 perform receiving operation. When set to 
kx=k1x=2 in the reception-control circuit 305, The antenna 301 A, RF section 302A, 



and the OFDM signal receiving circuit 303A, After processing an input signal by two 
data series with the antenna 301 B, RF section 302B, and the OFDM signal receiving 
circuit 303B, in the SDM treating part 306, an OFDM signal from these two data 
series is compounded, and it processes by the received-data treating part 307. a 
compositing process of an OFDM signal in the SDM treating part 306 — the above - 
- the same inverse-matrix arithmetic circuit shall perform as a Prior art explained 
[0084] 

Although the number of receiving antennas and the number of data series in a 
receiving set as well as a sending set are also set to two in drawing 3, this 
embodiment is not limited to this and can use a receiving set provided with arbitrary 
numbers of the numbers of receiving antennas, and the number of data series. 
[0085] 

Drawing 4 is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the above-mentioned receiving set. With the 
flow chart shown in drawing 4, the maximum of the number of antennas and the 
number of send data series which are used in a receiving set is not carried out in 2, 
but it is shown as any value krxa. In order to simplify explanation, the case where 
the number of antennas and the number of data series which are used for reception 
are the same is shown. 
[0086] 

In the receiving set before a data receiving start, both the numbers kx of antennas 
and numbers k1x of data series that are used for reception are set as 1 in the 
reception-control circuit 305 (Step S300). If space division multiple control data is 
received from a sending set, this will be analyzed in the space division multiple 
control data analysis circuit 304, and the value of ktx and k1 which are contained in 
data will be acquired (Step S301). 
[0087] 

The reception-control circuit 305 compares the value of ktx and k1 with the value of 
krxa (Step S302). In this example, since the value of ktx and k1 is equal, the value of 
k1 is used for comparison. 

In Step S302, in being k1 <=krxa, Since reception with the number of antennas and 
the number of data series which are shown by ktx and k1 will be possible, While 
transmitting Ack to a receiving set (Step S303), in the reception-control circuit 305, 
the value of ktx and k1 is assigned to the number kx of antennas and the number 
k1x of data series which are used for reception, respectively (Step S304). Since data 
transmission is started by the number ktx of antennas, and k1 data series from a 
sending set after transmitting Ack, this is receivable (Step S305). 
[0088] 

In Step S302, since reception with the number of antennas and the number of data 
series which are shown by ktx and k1 will be impossible when it is k1>krxa, 
processing is ended, without transmitting Nack to a receiving set or operating at all. 
[0089] 



Thus, by controlling the receiving operation of a receiving set, it can cooperate with 
the send action of the above-mentioned sending set, and the communication using 
the number of antennas and the number of data series maximum in the usable range 
can be established between a sending set and a receiving set. 
[0090] 

Although the example which constituted from the above the sending set and 
receiving set which are used in the radio data transmission system of this 
embodiment as separate equipment was shown, using as transceiving equipment 
which unified these is also possible. 
[0091] 

[A 2nd embodiment] 

Drawing 5 is a figure showing roughly the composition of the radio data transmission 
system concerning a 2nd embodiment of this invention. In drawing 5, the radio data 
transmission system of this embodiment comprises the transceiving equipment A, 
the transceiving equipment B, and the transceiving equipment C. 
[0092] 

The transceiving equipment A and the transceiving equipment B are transceiving 
equipment of the SDM-OFDM system same with having been shown in a 1st 
embodiment, and are provided with two antennas and the digital disposal circuit (not 
shown) of two series, respectively. On the other hand, the transceiving equipment C 
is transceiving equipment which operates with the radio communications system 
which uses the conventional 5GHz bandwidths, such as ARIB-STD T-71 and 
IEEE802.1 1a, and performs radio using a 5GHz bandwidth altogether. 
[0093] 

This embodiment explains taking the case of a case where the transceiving 
equipment C is a thing of ARIB-STD T-71 specification, as shown in drawing 5. As 
shown in drawing 5, between the transceiving equipment A and the transceiving 
equipment B, it is possible to also perform radio by T-71 [ besides radio by an SDM- 
OFDM system ] system, but. Between the transceiving equipment A or the 
transceiving equipment B, and the transceiving equipment C, only radio by T-71 
system shall be performed. 
[0094] 

In a radio data transmission system of this embodiment constituted as mentioned 
above, how to communicate while transceiving equipment of an SDM-OFDM system 
has conventional transceiving equipment and compatibility of T-71 system which use 
a 5GHz bandwidth is explained. 
[0095] 

Here, the case where data communications are performed to the transceiving 
equipment B from the transceiving equipment A is considered. As shown in drawing 
5, as for the transceiving equipment A, the transceiving equipment B can perform 
data communications using two antenna TRxB_Ant_a and TRxB_Ant_b using two 
antenna TRxA_Ant_a and TRxA_Ant_b. 



[0096] 

Drawing 6 is a figure showing roughly the composition of the packet transmitted to 
the transceiving equipment B from the transceiving equipment A in the radio data 
transmission system of this embodiment. In drawing 6, the packet by which the 
packet to which fromTRxA_Ant_a is transmitted from antenna TRxA_Ant_a of the 
transceiving equipment A is transmitted to from TRxA_Ant_b from antenna 
TRxA_Ant_b is shown. 
[0097] 

About the field B, C, and SF in each packet shown in drawing 6, it shall be the same 
as that of the thing of the conventional technology shown by drawing 15, and shall 
be generated according to ARIB-STD T-71 specification. DF (a) and DF (b) are data 
fields, and are the same as that of DF shown in drawing 15. In this embodiment, how 
to assign send data every 2 [ 1/] to DF (a) and DF (b), respectively, and assign shall 
be based on arbitrary methods. It adds to the field B, C, and SF, and the preamble D 
for propagation path estimates for SDM-OFDM and D' are included in the preamble 
of each packet, respectively. 
[0098] 

Since the field B, C, and SF is the completely same data in two packets shown in 
drawing 6, The transceiving equipment A and B does not necessarily need to 
transmit these data from both antennas, for example, it may be made to transmit 
only from antenna TRxA_Ant_a about the data of the field B, C, and SF. 
[0099] 

In the transceiving equipment B which received these packets, it can restore to the 
data contained in these packets by carrying out signal processing even of the field B, 
C, and SF in the mode of T-71, and carrying out signal processing of the field after it 
in the mode of SDM first. 
[0100] 

Even when the transceiving equipment C receives these packets, up to the field B, 
C, and SF, signal processing can be performed and it can restore to data. 
[0101] 

About the data contained in SF of two packets shown in drawing 6, it is the same as 
that of the thing of the conventional technology shown in drawing 16. That is, SF 
comprises 24-bit data and the data which the data in which the modulation method 
(Rate) of DF is shown shows the length of DF by 4 bits is contained by 12 bits. 
[0102] 

Since 4 bits of data in which the modulation method of DF is shown are assigned, 16 
kinds of modulation methods can be specified at the maximum. However, by T-71, 
only the actual condition and eight kinds of modulation methods are used, and any 
modulation methods other than these are not specified. 1/2, 2/3, and 3/4 are 
specifically defined as a modulation method as four kinds, BPSK, QPSK, 1 6QAM, and 
64QAM, and a coding rate of an error correcting code, and the transmission rate of 
DF is decided by such combination. 



[0103] 

Since the number of data series used for transmission and reception is 1 in T-71, if 
the modulation method of the eight above-mentioned kinds of DFs is expressed in 
the form of a transmission rate (a modulation method, a coding rate, the number of 
data series), 6Mbps (BPSK, 1/2, 1), 9Mbps (BPSK, 3/4, 1), It is set to 12Mbps 
(QPSK, 1/2, 1), 18Mbps (QPSK, 3/4, 1), 24Mbps (16QAM, 1/2, 1), 36Mbps (16QAM, 
3/4, 1), 48Mbps (64QAM, 2/3, 1), and 54Mbps (64QAM, 3/4, 1). 
[0104] 

In Rate of above-mentioned SF, 1 1 01 , 1 1 1 1 , 01 01 , 01 1 1 , 1 001 , 1 01 1 , 0001 , and 001 1 
are assigned according to the above-mentioned order, respectively as bit data in 
which the modulation method of these eight kinds of DFs is shown. 
[0105] 

In this embodiment, further Rate of SF as a modulation method of DF in 
communication with SDM-OFDM mode, 12Mbps (BPSK, 1/2, 2), 18Mbps (BPSK, 3/4, 
2), 24Mbps (QPSK, 1/2, 2), 36Mbps (QPSK, 3/4, 2), Eight kinds of 48Mbps (16QAM, 
1/2, 2), 72Mbps (16QAM, 3/4, 2), 96Mbps (64QAM, 2/3, 2), and 108Mbps (64QAM, 
3/4, 2) are included. The number of data series used for transmission and reception 
with SDM-OFDM mode is set to 2. 
[0106] 

As bit data in which a modulation method of DF used in these SDM-OFDM mode is 
shown, 1 1 00, 1 1 1 0, 01 00, 01 1 0, 1 000, 101 0, 0000, and 001 0 are assigned according to 
the above-mentioned order. As compared with assignment of bit data to a 
modulation method of DF in the T-71 above-mentioned mode, these. Top 3 bits is 
common, and the things with same modulation method and coding rate are assigned 
so that 1 bit of low ranks may change with T-71 mode or SDM-OFDM modes. For 
this reason, the number of data series used for transmission and reception can be 
judged from 1 bit of low ranks of bit data. 
[0107] 

Although the number of data series is different when the transmission rate by the 
modulation method in T-71 mode and each SDM-OFDM mode is compared in the 
above, there is combination to which a transmission rate becomes the same. For 
example, they are 12Mbps (QPSK, 1/2, 1), 12Mbps (BPSK, 1/2, 2), etc. Thus, since 
the propagation environment for which it was suitable with the number of send data 
series differs even if the transmission rate overlaps in two or more modulation 
methods, it cannot generally be said that it is useless. However, in order to use 
effectively the small number of bits assigned in SF, the assignment which produces 
such duplication cannot be said to be the optimal thing. 
[0108] 

In order to assign the bit data in which the modulation method of DF in SF is shown 
efficiently to various modulation methods, If the number of data series uses the 
modulation method of few directions preferentially when a transmission rate 
becomes the same between different modulation methods, the transmitting and 



receiving processing of data also becomes easy, and is effective also for reduction 
of the power consumption in transceiving equipment. It is made not to assign this bit 
data and may be made to assign a modulation method with many data series by a 
substitute about the modulation method of a direction with many data series among 
the overlapping modulation methods. 
[0109] 

In the above, for example, 12Mbps in SDM-OFDM mode (BPSK, 1/2, 2), 18Mbps 
(BPSK, 3/4, 2), 24Mbps (QPSK, 1/2, 2), To 36Mbps (QPSK, 3/4, 2) and 48Mbps 
(16QAM, 1/2, 2), bit data in inside of SF are not assigned, It can replace with this 
and bit data can be assigned to 144Mbps (64QAM, 2/3, 3) with more data series, 
162Mbps (64QAM, 3/4, 3), etc. 
[0110] 

In the transceiving equipment B which, on the other hand, received a packet shown 
in drawing 6, a bit pattern which shows a modulation method of DF contained in SF 
is detected. In the above-mentioned example, when 1 bit of low ranks of a bit 
pattern are 1, it judges that it is T-71 mode, and in being 0, it judges that it is in 
SDM-OFDM mode. Since the number of data series is two or more, in the case of 
SDM-OFDM mode, the preamble D for propagation path estimates contained in a 
packet and D' are acquired, and propagation path estimate for restoring to an input 
signal with SDM-OFDM mode is carried out to it. It receives as data of a modulation 
method by a SDM-OFDM mho also about DF. 
[0111] 

In the transceiving equipment A and B which can perform wireless data transmission 
with both T-71 mode and SDM-OFDM mode as mentioned above, drawing 7 is a flow 
chart which shows a flow of operation at the time of receiving wireless data. In 
drawing 7, about processing from Step S701 to S709, since it is the same as that of 
the conventional receiving set shown in drawing 1 7, explanation is omitted here. 
[0112] 

The transceiving equipment A and B which received a packet shown in drawing 6 in 
this embodiment, If data which this packet contains a preamble of T-71 system, and 
is contained in SF in that preamble judges with the right, Bit data in which a 
modulation method of DF furthermore contained in SF is shown are detected, and it 
is judged whether it is transmitted in that this packet is transmitted in SDM-OFDM 
mode, or T-71 mode (Step S71 1). The judging standard and method are as having 
described above. 
[0113] 

The transceiving equipment A and B restores to the data contained in DF with an 
SDM-OFDM system, when it judges with a receive packet being transmitted in 
SDM-OFDM mode (Steps S712 and S713). About this recovery processing, it is 
considered as the same thing as the processing in the above-mentioned sending set 
and receiving set of a 1st embodiment. 
[0114] 



By the way, when the packet shown in drawing 6 in the transceiving equipment C 
shown in drawing 5 is received, the reception only of the packet transmitted in T-71 
mode can be carried out. That is, in drawing 7, a series of processings of Steps 
S701-S705 can be performed. However, when what shows SDM-OFDM as a bit 
pattern which shows the modulation method of DF in SF is contained, the data 
besides regulation is contained in SF — since it becomes, it judges that SF has an 
error in Step S703, and progresses to processing of Step S708. 
[0115] 

When received radio field intensity is more than [ predetermined ] threshold value L2 
in Step S709 at this time, it can judge that T-71 carrier communication is in use, 
and the transceiving equipment C cannot perform a send action. 
[0116] 

In the radio data transmission system of this embodiment. The information for 
identifying these using the same preamble in T-71 system and an SDM-OFDM 
system, Since it has composition included in SF as bit data in which the modulation 
method of DF is shown, even if the transceiving equipment of T-71 system and the 
transceiving equipment of an SDM-OFDM system are intermingled in a system, 
wireless data transmission can be performed among these. 
[0117] 

[A 3rd embodiment] 

In the radio data transmission system of a 2nd embodiment, the transceiving 
equipment C of T-71 system. Since SF in a packet is normally unacquirable even if 
it receives the packet of an SDM-OFDM system, there is no other way but to 
measure [ a means to judge the operating condition of carrier communication when 
radio is performed by the SDM-OFDM system ]. Thus, when the operating condition 
of a carrier is judged only based on received radio field intensity, even if an electric 
wave is under reception in other transceiving equipment, there is a problem that a 
send action may be performed without the ability to distinguish this. 
[0118] 

In a radio data transmission system of a 2nd embodiment. As a method of 
distinguishing a signal by T-71 system, and a signal by an SDM-OFDM system, Bit 
data in which a modulation method (are they T-71 system or an SDM-OFDM 
system?) of DF is shown in SF of a transmitting packet are included, and suppose 
transceiving equipment which received this that it is based on these bit data and a 
packet by a system of a gap is judged. 
[0119] 

On the other hand, according to this embodiment, it is characterized by using a 
reserve bit (Reserve in drawing 1 6) contained in SF of a packet. Suppose that 0 is 
specifically assigned to a reserve bit when a packet is what is depended on T-71 
system, and it assigns 1 in being what is depended on an SDM-OFDM system. In 
addition, a radio data transmission system and transceiving equipment of this 
embodiment shall be constituted like a thing of a 2nd embodiment, and shall operate 



similarly. 
[0120] 

Since it can be recognized as it being a packet of an SDM-OFDM system if it 
detects by this that Reserve of SF is 1 even if transceiving equipment of T-71 
system is a case where a packet of an SDM-OFDM system is received, Even if data 
besides regulation is contained in SF, it does not judge that it is an error, but time 
for data length of DF and a waiting state which does not perform transmission and 
reception can be maintained. 
[0121] 

By the way, in the radio data transmission system of a 2nd embodiment, it has 
transmitted including the bit data (Length in drawing 16) in which the data length of 
DF is shown in SF of a transmitting packet. Since the modulation method of DF 
cannot be recognized even if the transceiving equipment C of T-71 system is able 
to acquire Length from SF of the packet of an SDM-OFDM system which received, 
The time which reception of a data part including the preamble and DF for SDM- 
OFDM takes can be recognized correctly. 
[0122] 

Therefore, although the transceiving equipment of T-71 system can recognize that a 
receive packet is a packet of an SDM-OFDM system by using Reserve of SF as 
mentioned above, standby time until transmission and reception of the packet 
concerned are completed cannot be judged. In order to cope with this, with the 
transceiving equipment of T-71 system, the time which packet sending and receiving 
takes based on the value of Length acquired from SF of the packet of an SDM- 
OFDM system is estimated, and it is possible to make this into standby time. 
[0123] 

Data communications are considered that standby time which the above estimated 
an SDM-OFDM system from ****** at high speed compared with T-71 system will 
generally become longer than time which actual transmission and reception usually 
take. In this case, after actual transmission is completed, in spite of not transmitting 
an electric wave, there is a period which becomes that transceiving equipment is a 
receive state with as, electric power will be consumed vainly and also timing of 
transmission will be overdue. 
[0124] 

On the other hand, when the estimated above-mentioned standby time becomes 
shorter than time which actual transmission and reception take, transceiving 
equipment operates electric wave detection again (Step S1701 of drawing 17), but. 
Since a preamble of T-71 is undetectable in a reception radio wave, an operating 
condition of carrier communication is judged based on received radio field intensity, 
and it will be in a state (Steps S1 706-S1 707 of drawing 1 7) of waiting for opening of 
carrier communication. However, although it turns out that data communications of 
T-71 system (however, SDM-OFDM modulation is further carried out after a 
preamble) are performed at this time, As shown in drawing 17, the judging standard 



L1 of received radio field intensity at the time of judging that a reception radio wave 

is not T-71 system will be used. 

[0125] 

Therefore, in the wireless data transmission system of a 2nd embodiment. Since the 
above inconvenience arises in the transceiving equipment by T-71 system, there is a 
problem that data communications are not performed efficiently especially under the 
situation where the transceiving equipment by T-71 system and the transceiving 
equipment by an SDM-OFDM system are intermingled. 
[0126] 

So, in this embodiment, it is further characterized by transmitting to Length in SF 
including the data length which applied the data length of DF, and the data length of 
the preamble D for propagation path estimates, and D' about the packet which 
transmits in SDM-OFDM mode. Here, the data length of the preamble D for 
propagation path estimates to add and D' shall be the data length according to the 
time required when the modulation method used for transmission of the packet 
concerned receives. 
[0127] 

Thus, by including in SF the data according to the preamble D for propagation path 
estimates which becomes redundant to the packet of T-71 system among the 
packet of an SDM-OFDM system, and the actual receiving time of D' which is shown 
as for data length, and transmitting, Even if the transceiving equipment by T-71 
system is a case where the packet of an SDM-OFDM system is received, it 
becomes possible to recognize the packet length correctly. Therefore, what is 
necessary is just to change the period equivalent to the packet length concerned 
into the waiting state. 
[0128] 

A concrete example is shown below. A case where the number of send data series 
transmits from an antenna of 2 and both sides and receives 100 bytes of data (a 
total of 200 bytes) by 16QAM R=3/4 with an SDM-OFDM system is considered (in 
transmitting and receiving by T-71 system). 1 6QAM R = 18 bytes of data can be 
transmitted and received by 1 OFDM symbol three fourths. Let time which 
transmission and reception of the preamble D for propagation path estimates of 
SDM-OFDM and D' take be 2 OFDM-symbol time. 
[0129] 

At this time, set 2 to Rate of SF as a modulation method of DF as 1 6QAM R=3/4, 
and the number of send data series, and to Length. Bit data equivalent to 136 bytes 
which is a value adding 100 bytes which is the data length of DF, and the 2x18=36 
byte (2 OFDM-symbol time) which is the data length of the preamble D for 
propagation path estimates and D' are set up. Reserve (reserve bit) of SF is set as 
one. 
[0130] 

In [ if it was set up in this way and transmitted and packet reception of the 



transceiving equipment of an SDM-OFDM system is carried out ] SF in a packet, It 
detects that Reserve is one, that data length is set as 1 36 bytes by Length, and that 
a modulation method is set as 1 6QAM R=3/4 by Rate. By modulation method 
16QAM R=3/4, transceiving equipment can be judged to be 18 bytes by which data 
length of the preamble D for propagation path estimates and D' is equivalent to a 
part for 2 OFDM-symbol time, and can be computed as data length of DF is 100 
bytes. It judges that data length of SDM-OFDM is total and is 200 bytes since the 
number of data series is 2 by Rate of SF, and restores to an input signal such. 
[0131] 

On the other hand, when the transmitting packet of the above [ the transceiving 
equipment of T-71 system ] is received, In SF in a packet, it detects that Reserve is 
one, that data length is set as 136 bytes by Length, and that the modulation method 
is set as 16QAM R=3/4 by Rate. Since it can recognize that transceiving equipment 
contains the data which cannot restore to a packet since Reserve is 1, judgment 
that SF has an error is not made. Since it turns out that data length including a part 
for the preamble D for propagation path estimates and D' is 136 bytes, transceiving 
equipment can maintain the period equivalent to this, and the waiting state which 
does not perform transmission and reception. 
[0132] 

[A 4th embodiment] 

In the radio data transmission system of a 2nd above-mentioned embodiment and a 
3rd embodiment, In transmitting and receiving data using two antennas and two data 
series with an SDM-OFDM system, send data was divided into two in the 
transmitting side, and it has specified it that each is included in DF (a) and DF (b) of 
a transmitting packet, and it transmits. These two DFs are the same data length, and 
they are to become irregular with the same modulation method and to be 
transmitted. 
[0133] 

However, it is convenient if two different data in these two data series can also be 
transmitted. In this case, although data length of DF (a) and DF (b) does not 
necessarily become equal, in a radio data transmission system of a 2nd embodiment 
and a 3rd embodiment, it needs to make the same data length of DF (a) and DF (b), 
and needs to transmit. DF (a) and DF (b) cannot be modulated with a different 
modulation method, and it cannot transmit, either. 
[0134] 

A radio data transmission system concerning a 4th embodiment of this invention 
transmits and receives data by packet composition specified in order to cancel such 
inconvenience. Except for this packet composition, it is considered as a thing of a 
2nd embodiment and a 3rd embodiment, and same thing about composition and 
operation of transceiving equipment used for a radio data transmission system of 
this embodiment, and this. 
[0135] 



Drawing 8 is a figure showing roughly packet composition of data of an SDM-OFDM 
system transmitted and received in a radio data transmission system of this 
embodiment. In a packet shown in drawing 8, about the field B, C, and SF, D, and D\ 
since it is the same as that of what is shown in drawing 6, explanation is omitted 
here. 
[0136] 

In packet composition in this embodiment, the feature of inserting the signal fields 
SF (a) and SF (b) is carried out, respectively between the propagation path estimate 
symbol D of an SDM-OFDM system, and D' and DFs (a) (b). SF (a) and SF (b) 
contain data in which a modulation method (Rate) and data length (Length) of DF (a) 
and DF (b) are shown, respectively. This packet includes information which shows 
whether it is what is depended on an SDM-OFDM system in Reserve of SF like a 
2nd embodiment and a 3rd embodiment. Also in Length of SF, it is preferred that the 
same data as a 2nd embodiment or a 3rd embodiment is included. 
[0137] 

By this transceiving equipment of an SDM-OFDM system which received these 
packets, First, if it recognizes that a receive packet contains data of an SDM-OFDM 
system by Reserve of SF, based on following SF (a) and SF (b), recovery processing 
of data contained in DF (a) and DF (b) can be performed further. In this way, two 
packets containing different data are transmitted and received according to a data 
series different, respectively, in a receiver, recovery processing which became 
independent to each packet can be performed, and data can be acquired. 
[0138] 

In this embodiment, since it constitutes like conventional SF shown in drawing 1 6, a 
format of SF (a) and SF (b) can be processed as usual in transceiving equipment of 
this embodiment. For this reason, in using this embodiment, it is not necessary to 
decide new specification at all. 

When transceiving equipment of T-71 system receives a packet of this embodiment, 

it shall process like a 2nd embodiment and a 3rd embodiment. 

[0139] 

[A 5th embodiment] 

Although a physical operating condition of carrier communication can be checked by 
measuring a reception radio wave in transceiving equipment in the above 2nd - a 4th 
embodiment, a logical operating condition of carrier communication cannot be 
checked by this method. In an SDM-OFDM system, since inside of MAC control 
information is included in a data field of a packet and data in which a reserved period 
of a medium which is needed for a series of communications is shown is contained in 
this MAC control information, this data shows a logical operating condition of carrier 
communication. 
[0140] 

However, in the transceiving equipment which performs only radio by T-71 system, 
since it cannot restore to the data field of the packet by an SDM-OFDM system, 



the logical operating condition of carrier communication cannot be checked. 
However, in order to stabilize the radio data transmission system of this invention 
more and to operate, also in the transceiving equipment which performs only radio 
by T-71 system, it is preferred that the logical operating condition of carrier 
communication is acquirable from this MAC control information. 
[0141] 

Then, it is characterized by performing **** communication for packets constituted 
from a wireless data communication system concerning a 5th embodiment of this 
invention so that the MAC control information included in the packet of an SDM- 
OFDM system also with the transceiving equipment of T-71 system could be 
received. Except for this packet composition, it is considered as the 2nd - the thing 
of a 4th embodiment and the same thing about the composition and operation of the 
transceiving equipment used for the radio data transmission system of this 
embodiment, and this. 
[0142] 

Drawing 9 is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
of this embodiment. In the packet shown in drawing 9, since it is the same as that of 
the field B, C, and SF, D, D', and the thing shown in drawing 6 and drawing 7 about 
SF (a) and SF (b), explanation is omitted here. 
[0143] 

In the packet shown in drawing 9, it uses as a flag which shows whether this packet 
is an SDM-OFDM system about Reserve (reserve bit) of SF, or it is T-71 system 
like the above-mentioned 3rd - a 4th embodiment. Length of SF contains the data in 
which length is shown. DF includes only MAC control information as data. DF (a) and 
DF (b) contain the transmission data except MAC control information, respectively. 
[0144] 

The transceiving equipment of the SDM-OFDM system which received the packet of 
such composition, While restoring to B in a packet, C, SF, and DF by T-71 system, 
based on the value of Reserve in SF, it restores to D, D', SF (a), SF (b), DF (a), and 
DF (b) with an SDM-OFDM system. 
[0145] 

The transceiving equipment of T-71 system which received the above-mentioned 
packet restores to B in a packet, C, SF, and DF by T-71 system. Although 
transmission data is not contained in DF, since MAC control information is included, 
thereby, transceiving equipment becomes possible [ recognizing the logical thing 
operating condition of carrier communication ]. 
[0146] 

[A 6th embodiment] 

The radio data transmission system concerning a 6th embodiment of this invention 
is characterized by the number of send data series being identifiable with the 
preamble pattern in a packet. Except for this packet composition, it is considered as 



the thing of each of above-mentioned embodiments, and the same thing about the 
composition and operation of the transceiving equipment used for the radio data 
transmission system of this embodiment, and this. 
[0147] 

Drawing 10 is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
of this embodiment. The packet shown in the upper row of drawing 10 is a packet 
transmitted when the number of send data series is 1, and the packet shown in the 
lower berth is a packet transmitted when the number of send data series is 2. 
Among these packets, since it is the same as that of C, SF, DF, D, D\ and the thing 
shown in drawing 6 and drawing 7 about DF (a) and DF (b), explanation is omitted 
here. 
[0148] 

A packet shown in the upper row of drawing 10 is the same composition as a packet 
by T-71 conventional system, and is ability ready for receiving also in which 
transceiving equipment of T-71 system and an SDM-OFDM system. As the whole, a 
cycle is TB and the preamble B of this packet is generated by repeating the signal b 
of an equal pattern of periodic Tb 10 times. 
[0149] 

On the other hand, in a packet shown in the lower berth of drawing 10, the preamble 
B is twice the length of a packet shown in the upper row, namely, it is generated by 
repeating the signal b of an equal pattern of periodic Tb 20 times. Here, although the 
length of the preamble B of a packet shown in the lower berth is made into what 
[ twice ] is shown in the upper row, this is only an example of 1 composition of a 
packet, and the length of the preamble B can be set as any value in this embodiment. 
[0150] 

The transceiving equipment of T-71 system and an SDM-OFDM system, If the signal 
having contained each of above-mentioned packets is received, the signal with 
which only period Tb delayed the input signal is generated, correlation with this 
signal delay and input signal is taken, and detection of the existence of a signal and 
detection of receiving timing are performed from the pattern of this correlation. Here, 
the correlation between two signals means the similarity of the complex signal which 
the above-mentioned signal delay and each input signal contain. Complex 
multiplication of the amplitude of the complex signal which both signals contain is 
specifically carried out, and the value with which it integrated between period Tb is 
made into the correlation value. 
[0151] 

Drawing 1 1 is a figure showing the output wave of the correlation value which is 
computed as mentioned above and outputted from the preamble signal of each 
packet shown in drawing 10. The upper row of drawing 1 1 is a waveform outputted 
as a correlation value of the packet shown in the upper row of drawing 10. Since the 
preamble B of this packet repeats the signal b of periodic Tb 1 0 times and is 



generated, if correlation with that signal delay is taken, a correlation value will 
become large between period 9xTb mostly. The lower berth of drawing 1 1 is a 
waveform outputted as a correlation value of the packet shown in the lower berth of 
drawing 10, and it becomes mostly in between like the above period 1 9xTb [ the 
correlation value with the signal delay ] greatly. 

In the wave form chart shown in drawing 1 1 , since it has ignored about various kinds 
of noise components, it is a linear waveform. Correlation will be strong, so that time 
is taken along a horizontal axis, both the figures of the upper row and the lower 
berth have taken the correlation value along the vertical axis and the value of a 
correlation value is large. 
[0152] 

As shown in drawing 1 1 , in the transceiving equipment of T-71 system and an SDM- 
OFDM system, the fixed threshold value is set up to the correlation value detected 
from an input signal. Transceiving equipment can detect the period Tcor when the 
correlation value of the received preamble signal exceeds this threshold value, and 
can identify the kind of input signal now based on this. 
[0153] 

For example, the transceiving equipment B shown in drawing 5 in order to receive 
the packet by the both sides of T-71 system and an SDM-OFDM system in the 
receiving set B. It constitutes so that it may operate as transceiving equipment of 
T-71 system, in the period Tcor when the correlation value of the received preamble 
signal exceeds a predetermined threshold value is computed, operating as 
transceiving equipment of an SDM-OFDM system in being Tcor>15xTb, and being 
Tcor<=15xTb. It judges appropriately whether it is that by which a receive packet 
twists transceiving equipment to T-71 system by this, or it is what is depended on 
an SDM-OFDM system, and it becomes possible to operate as transceiving 
equipment by the system of the applicable one. Here, although it is making into the 
boundary condition whether for Tcor to exceed 15xTb as a standard which judges 
the communication method of a receive packet, any value can be set up with the 
threshold value over a correlation value. 
[0154] 

On the other hand, since the transceiving equipment C shown in drawing 5 is 
conventional transceiving equipment only for T-71 system, it does not have the 
function to judge the communication method of the above receive packets, but the 
packet of T-71 system as shown in the upper row of drawing 10 is received, and, 
naturally it can get over. When the transceiving equipment C receives the packet of 
the SDM-OFDM system shown in the lower berth of drawing 10, Although restoring 
to transmission data is unreceivable, since the preamble pattern of a packet is 
common to T-71 system, Even if it is possible to detect a reception radio wave and 
the packet of the above SDM-OFDM systems is transmitted and received in the 
radio data transmission system as shown in drawing 5, it does not have an adverse 
effect to a system. 



[0155] 

As described above, by a number of a transmission antenna used in an SDM-OFDM 
system. By changing a preamble pattern of a transmitting packet, it becomes 
possible to develop a system of an SDM-OFDM system on a radio data transmission 
system of T-71 system by which actual condition employment is carried out. 
[0156] 

[A 7th embodiment] 

A radio data transmission system concerning a 7th embodiment of this invention is 
characterized by constituting so that a communication method of a receive packet 
can be identified by a preamble for SDM-OFDM propagation path estimates in a 
packet in equipment of a receiver. 
[0157] 

Drawing 12 is a figure showing roughly an example of composition of a packet of an 
SDM-OFDM system used in a radio data transmission system of this embodiment. In 
a packet shown in drawing 12, B, C, and SF shall be constituted like a packet by T- 
71 conventional system. Therefore, composition which includes data for identifying a 
communication method of a packet in Rate and Reserve of SF like each above- 
mentioned embodiment, or shows a communication method with data length of B is 
not taken. 
[0158] 

In drawing 12, the preamble D for SDM-OFDM propagation path estimates and D' 
contain data called D1, D2 and D1, and -D2, respectively. D1 is data contained in 
common with a head of D and D', and a receiving set becomes possible [ identifying ] 
about data of an SDM-OFDM system following below with this data. For example, 
what is necessary is just to constitute in a receiving set, so that it may have 
correlator which computes a correlation value, when the same waveform as D1 is 
received. 
[0159] 

It operates correlator and detects whether a signal following SF has waveform D1 
and correlation while restoring to B, C, and SF with T-71 system, if a receiving set 
of an SDM-OFDM system is received [ a packet shown in drawing 12 ]. When 
correlation is detected (a correlation value computed by correlator exceeds a 
predetermined threshold value), it judges that data following below is data of an 
SDM-OFDM system, and restores to DF (a) or DF (b) using a propagation way 
procession presumed by D1 and D2 (- D2). 
[0160] 

It becomes possible to generate, transmit and receive a packet of an SDM-OFDM 
system, without adding change to data of SF already defined by T-71 according to 
packet composition shown in drawing 12, and composition of the above receiving 
sets. 
[0161] 

In a radio data transmission system of this embodiment. Since a waveform of an 



OFDM symbol of the beginning of DF following SF is in agreement with D1 by chance 
or has high correlation even if it is a case where a packet of T-71 system is 
received, It may happen to judge this packet to be a packet of an SDM-OFDM 
system accidentally in a receiving set. What is necessary is just to insert Null (non- 
signal state), for example between SF, and the preamble D for propagation path 
estimates of an SDM-OFDM signal or D', in order to avoid such a detection error. 
About composition and operation of transceiving equipment used for a radio data 
transmission system of this embodiment, and this except for component part 
explained in the above, it is the same as that of a thing of conventional technology. 
[0162] 

As mentioned above, although the concrete embodiment was shown and described 
about the radio data transmission system and wireless data transceiving equipment 
of this invention, this invention is not limited to these. If it is a person skilled in the 
art, it is possible to add various change and improvement to the composition and the 
function of invention which are applied within limits which do not deviate from the 
summary of this invention at each above-mentioned embodiment or other 
embodiments. 
[0163] 

Especially, by each above-mentioned embodiment, in order to simplify explanation, 
only two antennas and the system using the two numbers of data series are shown, 
but this invention is not necessarily limited to this and can establish the space- 
division multiplexing system by arbitrary space multiplexed numbers. 
[0164] 

Although ARIB-STD T-71 is illustrated in each above-mentioned embodiment as a 
conventional communication method used in accordance with an SDM-OFDM 
system, this invention is not necessarily limited to this and can be applied to 
IEEE802.1 1a etc., for example. 
[0165] 

[Effect of the Invention] 

As mentioned above, as explained, according to the radio data transmission system 
and wireless data transceiving equipment of this invention. A radio data transmission 
system and wireless data transceiving equipment to which two or more antennas are 
used and transmission and reception by two or more data series are made with an 
SDM-OFDM system in the same frequency band are provided. 
[0166] 

In using such an SDM-OFDM system by a 5GHz bandwidth, a radio data 
transmission system and wireless data transceiving equipment provided with 
compatibility with radio communications systems, such as conventional ARIB-STD 
T-71 and IEEE802.1 1a, are provided. In the radio data transmission system of this 
invention, even if the transceiving equipment of an SDM-OFDM system and the 
transmission and reception system by the conventional system are intermingled, 
Since it can constitute so that the transceiving equipment of another side may not 



start transmission while one transceiving equipment communicates, it becomes 
possible to provide the stable communications system. 
[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a flow chart which shows the flow of the send action of the space 

division multiple control data in the sending set shown in drawing 1. 

[Drawing 3]It is a block diagram showing roughly the composition of the receiving set 

used in the radio data transmission system concerning a 1st embodiment of this 

invention. 

[Drawing 4]It is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the receiving set shown in drawing 3. 
[Drawing 5]It is a figure showing roughly the composition of the radio data 
transmission system concerning a 2nd embodiment of this invention. 
[Drawing 6]It is a figure showing roughly the composition of the packet transmitted 
and received in the radio data transmission system shown in drawing 5. 
[Drawing 7]It is a flow chart which shows the flow of the processing at the time of 
performing receiving operation in the transceiving equipment A and B shown in 
drawing 5. 

[Drawing 8]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 4th embodiment of this invention. 

[Drawing 9]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 5th embodiment of this invention. 

[Drawing 1 0]lt is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 6th embodiment of this invention. 

[Drawing 1 1]It is a figure showing the output wave of the correlation value of the 
signal concerned computed from the preamble signal of each packet shown in 
drawing 10. 

[Drawing 1 2]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 7th embodiment of this invention. 

[Drawing 13]It is a figure showing roughly the example of 1 composition of the radio 
communications system using SDM in conventional technology. 

[Drawing 14]It is a figure showing the example of the packet format of the preamble 
for propagation way measurement transmitted from antenna TxAnt_A and TxAnt_B 
of a sending set which are shown in drawing 13. 

[Drawing 1 5]lt is a figure showing roughly the composition of the communication 
packet used in the OFDM wireless communication system using a 5GHz bandwidth. 



[Drawing 1 6]It is a figure showing the composition of the data contained in the signal 
field (SF) of the communication packet shown in drawing 15. 

[Drawing 17]In the receiving set by ARIB-STD T-71 specification, it is a flow chart 
which shows the flow of the processing which receives a radio transmitted wave, 
and to which it restores. 
[Explanations of letters or numerals] 

101 Send data generation part 

102 Space division multiple control data generating section 

103 Transmission-control circuit 

104A, a 104B OFDM signal generating part 

105A, a 105B RF section 

106A and 106B Antenna 

301 A and 301 B Antenna 

302A, a 302B RF section 

303A, a 303B OFDM signal receive circuit 

304 Space division multiple control data analysis circuit 

305 Reception-control circuit 

306 SDM treating part 

307 Received-data treating part 
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[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram showing roughly the composition of the sending set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 2]It is a flow chart which shows the flow of the send action of the space 
division multiple control data in the sending set shown in drawing 1. 



[Drawing 3]It is a block diagram showing roughly the composition of the receiving set 
used in the radio data transmission system concerning a 1st embodiment of this 
invention. 

[Drawing 4]It is a flow chart which shows the flow of the receiving operation of the 
space division multiple control data in the receiving set shown in drawing 3. 
[Drawing 5]It is a figure showing roughly the composition of the radio data 
transmission system concerning a 2nd embodiment of this invention. 
[Drawing 6]It is a figure showing roughly the composition of the packet transmitted 
and received in the radio data transmission system shown in drawing 5. 
[Drawing 7]It is a flow chart which shows the flow of the processing at the time of 
performing receiving operation in the transceiving equipment A and B shown in 
drawing 5. 

[Drawing 8]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 4th embodiment of this invention. 

[Drawing 9]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 5th embodiment of this invention. 

[Drawing 1 0]lt is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 6th embodiment of this invention. 

[Drawing 1 1]It is a figure showing the output wave of the correlation value of the 
signal concerned computed from the preamble signal of each packet shown in 
drawing 10. 

[Drawing 12]It is a figure showing roughly the packet composition of the data of the 
SDM-OFDM system transmitted and received in the radio data transmission system 
concerning a 7th embodiment of this invention. 

[Drawing 13]It is a figure showing roughly the example of 1 composition of the radio 
communications system using SDM in conventional technology. 

[Drawing 14]It is a figure showing the example of the packet format of the preamble 
for propagation way measurement transmitted from antenna TxAnt_A and TxAnt_B 
of a sending set which are shown in drawing 13. 

[Drawing 1 5]lt is a figure showing roughly the composition of the communication 
packet used in the OFDM wireless communication system using a 5GHz bandwidth. 
[Drawing 1 6]It is a figure showing the composition of the data contained in the signal 
field (SF) of the communication packet shown in drawing 15. 

[Drawing 1 7]ln the receiving set by ARIB-STD T-71 specification, it is a flow chart 
which shows the flow of the processing which receives a radio transmitted wave, 
and to which it restores. 
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gfamUfrhA c k^SitfcM Uf 2 0 4) lcf4, jg|#T>"r^afek t xS 

<9M#K^ffl-f-&7>-r^k x fck t x coffin, f-?^Jtk lxi:k 1^)1?:, * 

£ t t) s -C £ £ Uf 7yS 2 0 7) o 
[0 0 7 6 ] 

ti^fii^N a c k £5r€L W4— S^Mft ^Mt 5 ^ * t^tLftii^ 
fc®^ (7t77"S 2 0 4 ) 14, N a c k O-Uft £ 1 if ftp 3 * (7r7^S 2 0 5 ) , * 
r7^S2 0 1 Plio Xf?^S2 0 1i:^T, ^M^Sfl^MiUfP-r- * &Bfc§B 1 0 
2 K&U&&mTy-T^%tk t xSar-^Jtk lSrWKSSLfc^ k t x^ot^ 

Uf^S 2 0 2) , SO*, ^^«lJ#M»Px-^£SM^«&-M«o 
[0 0 7 7 ] 

iCi^i: U, &feT>T-r§kk t xRZfT- ?&mikk 1 * 1 fo^c^^^a* 

«#s»p^-^£$#i£fi^i£#u fiifd^Ac k ^^Ltzm^com^r y 

m*«k 1 x t T-f&mZffl «t 3 l^^TV^o fc/iU S^S^fp 

A c k Sr^-r&ff^ k t x = 0 fc fcofcJ©^ (x-r y 7° S 2 0 2 ) Hfi, £#$SHj&*S£ 

j; ^ H^lt^Sc7)^#fii^^MtPl-& i t £ <£ 5:#^a^5:#aTf^fgH-eSA 

[0 0 7 8 ] 

HI 3 fc*3V>t\ *^ifc^||<^$#$l1t(i, Ty-Ti-3 0 1 AS. ^3 OlBfc, RFS&3 0 
2AS^3 0 2 Bt, 0 F DM#-^S#E1J»3 0 3 AS^3 0 3 BL ^W^Sfl^SMfP 

^#MffHIE&3 0 4 t, $€»P0E§3 0 5 t, S DM»3 0 6 L 7*- 
S£B3 0 7 t^P>fS^?ttTV^ 0 
[0 0 7 9 ] 

RF3B3 0 2 AS. ^3 0 2 Bt4. M^-^fsM^J: ^ L£ R F##£ 

0 F DM#^-$1H0i&3 0 3 ASO*3 0 3 B f±, RF^3 0 2A$.O ? 3 0 2B Kis^xm 
$S$fcSc&3 ttTt^lHt^lc^fLTO F DMmiWI^fi 1 3 fcftCTOf^THJ, 0 F 
DM11^-'£1H0E&3 0 3 B (4, ttz, £fefe-%rKi£* fLZ&Mfrm&MMWT- 
L, ^M^SlI^EMfll7*-^»*fBia 3 0 4 i:W£ 0 
[0 0 8 0 ] 

^K^SH^Sftll^T*- *#MffBfi&3 0 4 (4. OFDMft§f@§3 0 3 B^&fiLfc 
^M^ftl^JlMfP^- ^^»lfL, ^<75^^^#$lJ^P[lIi^3 0 5 tffi^t*e JMfcttK 
(4, ^MWIWf-^^i^ k t x&tfk 1 ^ftHLaiytlt^^ttSc 
[0 0 8 1 ] 

gmmm®&3 o 5 (4, ^mfrm^mmMT- fffimmm 3 o 4frt>&mLfc&wfrw& 

MMMT- 9 K£-^V*"C, 0 FDM|^f@^3 0 3 ARZf 3 0 3 B t S DM&SgB 3 
[0 0 8 2 ] 

^mmmuvkz o 5 f4, ttz, miK^mmmn<7>mmmmmi o 3tmmK, ^ 

5Hf^-^4M^3 0 7(4, ®li|$ft*:^fg#-^*f U H«9riE£f<a#3Sfc*!iSS:* 
[0 0 8 3 ] 
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**M^!^{±, $#ftlJ#Piag&3 0 5 K&^Xk x = k 1 x = 1 kfflrfeXflX^&m&K 
tt, T>T^3 0 1 B, RFg3 0 2 B, 0 F D M##$lt 3 0 3 B £ O^te 7*- * 
M^3 0 7 K£V) $#ibf^S-ff 9 o ^#«P0S&3 0 5 WTk x=k 1 x=2 tR 
5S3*L"Ci/>*>i&^KJ±, 7>ft3 0 1A, RFgR3 0 2 AS^OFDMf f B§3 
03At, r>ft301B, R F3 3 0 2 BS^O F D M#^-$#HI g& 3 0 3 B t <D 2 
^<DT~ ?^}X^^*t&MLtz^ SDMmM33 0 6 fcd3H"C £*L 2 o?)f- 
^^e>©0FDMift#lftL , rtt7'-^«!ia5 3 0 7 HJ:i!)*kIS:ff% S 
DMMS 3 0 6 fcj3»}4 0 F DM€^-^fi)yM{i. ±fBfl£#Oi£fl!r-ei£IJI§ LfcO t |W) 

[0 0 8 4 ] 
[0 0 8 5 ] 

St&^Mx- ^^MSc^ST^fit^ 2 t J4-£T\ {£*;<7Mfik r x afcLT*LTV»J 0 4 
[0 0 8 6 ] 

•r- ^ltH§#n!ff<7)$#^®-e&4, #H»PHlig&3 0 5 i:*^T, KttfflT* 7 > T 
ttk xS^'f-^^Jtk 1 x i4t >bK: 1 H&feSttTHS Ur^S 3 0 0) 0 Si 

301) o 
[0 0 8 7 ] 

5r#fW#p[sl£&3 0 5 (4, k t x&l/k lWffifck r x a<£>-ttfc*Jfc«1-fc (^fy^S3 
0 2) , k t xtk K?)ttlif Lv^t> k 1 Offi*Jfc8EJ*JB^4 0 

Xf'?7'S 3 0 2 i:*v^ 1 klikrxa-e*4*#i:ii, k t xS^k 1^3*14 
7 ^ f t Jfc&tT f ^ ^^Sfe^Sf^ffi-Pi £ £ i i: ft £ §|gf CA c k£ 
tHi: Uf^S 3 0 3 ) , &^mfflm&3 0 5 K*3V>T\ &^Ktiim-?& 
7^fttkxSO f f-^^ltk 1 xic. -ett^tL. k t xXtFk 1 (Ofit^'ftA-r^ ( 
^f^S 3 0 4) o Ac k^m^Ltzmi, j£#HS^ t> T > -f k t x^t/f-^ 

S 3 0 5 ) o 
[0 0 8 8 ] 

?^S 3 0 2 WT, ifc, k l>krxat^£i^:|i, k t x&tfk 1 T?F 

Na c k^Iin^ *4VMi^<ibf^*fi : *>Ti-*!yffi*j|*T1-4o 
[0 0 8 9 ] 

[0 0 9 0 ] 

ffi , ±ie^f4*^MBl^ift^^-^^M^xxAn^v^TMv^^#®s^u f $ii^s 

[0 0 9 1 ] 

IE 5 {4, ^IPid^Kl 2 ^ifitf&SBKtf^* itf- ^fS^v^xAcoffi^^ftB&Stin^-riE 
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mnBR t/^mmn c ^ e>« 3 tit v> & 0 

[ 0 0 9 2 ] 

^^■fiAS-t^SI^M^fiBfi, » l*ifeff^^^Lfcc7)t[wlttc7)S DM-OFDMJ 

^fx.Ti/^o — iiSMSfiC (4, ARIB-STD T-7 RIEEE 8 0 2. 

MM#{4£:T 5 G H zm^fflv^Ttf ^ ^~e&& 0 
[0 0 9 3 ] 

^MMM-^it, 0 5 t'^-T =fc 9 ji^tSfiC^A RIB-STD T - 7 1ft 
iOfc©t^l>i^Mi:totiiStS 0 ifc, [El 5 t'^-T J: *> ^$iSf ASO' 
m^#^fiB^)K-e(i S DM- 0 FDM^stHJ: T-7 1^5t^4&fet 

m-cit, t-7 l^^^i^itlM^^^^tT? -t7!) ? -ei&^c7)ti-^ 0 

[0 0 9 4 ] 

±m<D£ >) t:M?tl!t**MlOlSlf-?fiI^^f Ai:i3^t, S DM - 0 F D 
M^(7)M^ltSS^\ 5GHzI^fffltl)»T-7 1 ^j£<7>jiS:€^mt 3 W« 

[0 0 9 5 ] 

££-CI±, BS^mA^^B^^SBH^^fSB^^f ?^t:ov^#x.So HI 5 

H^cf <£ o fc, 3i^€SSA(±, 2*<OTVftTR x A A n t_aMTR x A A 

n t _b £JBV», ISfitB tdU 2 ^-<D 7>ftTR x B A n t _a&O f T R x B_ 

A n t _b fcffl^Trr- ^fSM^fj^ £ £ * s "Ci 4« 
[ 0 0 9 6 ] 

^3^#3tL*^^^ ><^«J**W*W»-j^i"ia-C*«o H6 from TRx 

A A n t_a 14, SSfif A«7 >ftT R x A A n t _ a ft*'*^ y 

from TR xA_A n t_b(±, 7^rtTR x A_A n t_b ?5^If ?tL 

[0 0 9 7 ] 

0 6 MifctfiHirtB, C SFi:o^t|±, 0 l 5 "C^ L 

f><7>tra#-e*> 19 > ARIB-STD T- 7 ^<T)k-fZ>o t 

tz, DF (a) S^DF (b) l±T- 9 V >r FT* «j , Hi 5i:^tDFtl^#T* 
&o 3Mfci&BS8fc*v*"C»±, Mf-3'l/2o'o?:, ZH^ti, DF (a) WDF ( 
b) CSiJlTS^tU it)STJliftt(?)Sft(:U^tt^o #^ ? 

h<Z>7V Ty^)VK\±^ fli&B, C, SDM-OFDMfflWfsflfiiSlffl 

[0 0 9 8 ] 

0 6^t2o©/^^>j:^T, Hi&B> C, S F [4^ < m\^T- ? 2>tz® 
> SSfStAS^B (4#f r L (>SJ?)7>ft^f) Z*Lt><r>T- 9 £Ml-&'i^(4& 
«x.li\ C, S 9Ko^Tlt, 7>ftTRxA_Ant_a)}^ 

[ 0 0 9 9 ] 

£ftfc<*V^^££#Lfcjg£5Ht$SflB"<Mi, £ T\ ^J*B, C, SF4-C&T-7 1 
[0100] 

ffc, m&femWiC&ZfL h<?>'i fry h Lfc»#-Cb > «B, C\ SF 

[0101] 
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|W|^-e*S 0 1"&;b*>, S F (i 2 4 If y h^Or^ ^-CffjaJc^tLT^ »9 , DF<« 
B^5t(Rate) *j&*4 tf y D F cojt £ £r^i~r f '— 1 2 tf y h ft 

[0102] 

M^£-e|Siti:^So Lt^L&t^, T- 7 1 "CfifMt, 8®ffico^p^^:L^ 

TBPSK, QPSK, 16 QAM, 6 4 Q AM<7) 4 fill, H <9 BUEtff-^ff-^ffc^i: L 
Tl/2, 2/3, 3/4^jg*3*LTV»T, £ ft t> <Z>Jfi*#:b* J: *) D F <7){SjI V - 

[0103] 

#5£*> fS3£i— h (£H#5£, ftHHb^, ■r'-^^JSfc) co^-e^^-ri:, 6Mb p 

s (BPSK, 1/2, 1), 9Mbps (BPSK, 3/4, 1), 12Mbps 
(QPSK, 1/2, 1), 18Mbps (QPSK, 3/4, 1), 24Mbps (1 
6 Q AM, 1/2, 1) , 36Mbps ( 1 6 Q AM, 3/4, 1) , 48Mbps (6 

4 QAM, 2/3, 1) , 54Mbps (6 4 QAM, 3/4, 1) t££ 0 
[0104] 

±taS F<r>R a t e -eii, i*te> 8®(H<^D FW^il^^Sr^i-lf ? ff-^t LT, ± 
mcoMKfit^T, 110 1, 1111, 0101, 0111, 1001, 1011, 00 
0 1, 0 0 11 £^-*l-e*lta*) STtv>J 0 
[0105] 

SFCRat eli$t>C, SDM-OFDM€- >'TOjiit*lt4D 
Fco^iW^j^t LT, 12Mbps (BPSK, 1/2, 2) , 18Mbps (BP 
SK, 3/4, 2), 24Mbps (QPSK, 1/2, 2), 36Mbps (QPSK 
, 3/4, 2) , 48Mbps ( 1 6 QAM, 1/2, 2) , 72Mbps (16QAM 
, 3/4, 2) , 96Mbps (6 4 QAM, 2/3, 2) , 108Mbps (64QA 
M, 3/4, 2 ) CO 8ififcfi*^-e^4 t t *#f tt4o ft. SDM-OFDM^K 

[0106] 

itL^SDM-OFDMt- MffltJDF©$I^iStei' Ff-^t LTf4, 
iiieooJII^^oT, 1100, 1110, 0100, 0110, 1000, 1010, 0 
0 0 0 , 0 0 1 0 frM*) STf>tLTV^ 0 £*LP>»4, ±fE<Z>T- 71*- K"C0)D FO^ 

|W)±{i±^:3 tfy h3&**jSLT*l!), T-7K- ^SDM-OFDMt- Ki^io 
TTt 1 tfy h <Z>*3&*^fc£ <fc "9 ^t!) 1 ? fe*LTV»4 0 Z<T>tz*b, if 7 Ff-^^Tt 

[0107] 

* 7t, ±fBK*3^TT - 7 1 *- K&tf S DM- 0 F DM*- K^-ft-PfL^gSil^fc J: 

fcW4 e 12Mbps (QPSK, 1/2, 1) H2Mbps (BPSK 

, 1/2, 2) ^m^o ico J: 0 t-tt^M^K^Tte^V- h^SILtl/^ 

£v> 0 l^l^^Pj, s F+-eiJ»9 ^-cf>*t;t^£^tf <y nfe*^rssi^5iHiffli-*fc4s>tcji 

[0108] 

5 F^ooDFcomm^^^-t^ y Yt*-?*, < ill "9 STSfc* 
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>9 K«fc T^^^J&^^aai^fctM ITS i ? icLTtiv^ 
[0109] 

Milf, ±1E13V*T, SDM-OFDM^-K^l 2Mbps (BPSK, 1/2, 
2) , 18Mbps (BPSK, 3/4 , 2), 24Mbps (QPSK, 1/2, 2 
), 36Mbps (QPSK, 3/4, 2), 48Mbps ( 1 6 QAM, 1/2, 2) 

$fe<7>#^ 144Mbps (6 4 QAM, 2/3, 3) , 162Mbps (6 4 QAM, 3 
/ 4 , 3 ) fcf y h 9 com ^ "C *fr ? £ t £ S o 
[0 110] 

— H6K^1-/f^'7 >Sr$#LfcS^«1SB-C»i, S F fci-frS D F <0&.Wtt5&. 

(iT - 7 fc*UBf L, 0 -Ci*iSi#^tt SDM-OFDMt- K 

kfflW-t&o SDM-OFDM*- K^^Ctt, T~ 2 IH±X"$>%> <D 

X\ hC^iJLJfijltttiEfflr'JT^r^DMD' «#U SDM-OFD 

M-OFDM^-^iS^P^it^-r-;? 7 t Lt^ft^o 
[0111] 

@7 Ji, ±Ifi<7) X 7CT-7 1 KXO*S DM-OFDM^- K^W^CJ: ^SSlJl^- 
^fxM^tf 9 £ ir^nTf^^^^fiAS.^BH^V^T, * £5M§T & H^9ifl# 

<9lll^t7n-f t - K^Jo 13 7 K^X, Xx^ 7*S 7 0 1 S 7 0 9 £ X 

[0112] 

h**T-7 1 1%^<r)-f') T y-f^ik^hsXte <0 > ^o. ^<?) :/ 'J T > -f)V^<D S F fc-fri 

-^»L, ^ DM- 0 F DM^- K"C3I#3 tlTl^©^ 

T- 7 l^E- VXmiSZtlX\,*2><Vfr>km < m-f2> (Xf-y7S7 1 1) 0 -eotfJ^gS^S, 

[0 113] 

^^■fiA&tfB (i> $#/^<t- y h^S DM- 0 FDM^- FT^Hg $ tltz i><DX$> & 
f?7'S 7 1 2RVS 7 1 3) o ±ffi LfcHS 1 ^ttBSBoEHt 

s®^. g^st *3 »t s t mmx$> Z> *> oo £ -f a o 

[0114] 

El 5 ^^i-^#^SC^j3V>TEl6 fc^i"/*^ * h^^Ufei&^m, T 

£v>T, 7r^S701~S 7 0 5 <D—m<D$km*?T *) iH s t^o L L , 
S F K&^XD FcommJj^Tjk-t^ y LTSDM-0 F D M Sr^f & ct)#s 

^Ititv^f^Utt, S FCl^Of-^^i dttv^i k k kte&(DX, X^y 
-fS 7 0 3 K^^TS Fl^t)^^ fc*!»fU Xx y/S 7 0 8 ^SHittr J: $ 

[0115] 

»#fcl±, T-7 HSB^-V 'J T5&*«ffl + T?*4 tiRJBfLT, ^SM^gC i±m^W)ft * 
ftd Zk &X ^^>^i:iotv^„ 
[0 116] 

^MMMcO&MT- *teS£->x-r A-eti, T-7 lMt SDM-OFDMMt 
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^^^^-rtf y hf-^UTS FK##>£flD£fc LTV^cr)T\ T - 7 1 #5£<E>3£ 
[0117] 

&2 mm&M<vmBT-?fc&l'XT&K$5^X, T- 7 1 ^O^M^SC f±. SD 
S DM- OFDM»III»fetlt^S ^^fxSI^-V 'J 7<ateffl<£ja*$!l»f1" 

o 

[0118] 

&2 mfe^i^^^-T^^fxB^^-r At?fi> T-7 lMti^ff tSDM-OFD 
(T-7 1WSDM-OFDMW) £^"T tT ~7 > 7*- * £^£>T£ , itt^S 

[0 119] 

^Reserve) £fflv>2> £ £ LTV^ e y h&T- 7 1 # 

3ZK£& b<DT$>&m&Kl*Vif-7*¥y M- 0 SriK DST, SDM-OFDMWJ: 

~f~<l> o 

[0120] 

ZtlK£V), T-7 lMOl$fSM SDM-OFDMM^y >£5HtLfc 
^tioti, S F<DR e s e r v e 1 T^?»iiMttLlf, SDM— OFDM 

[0121] 

F?)f-?fi^t^?hf-^ (116 t^lt^L e n g t h) $"^Tlf LTV>* 
o T-7 l^I^fSiCli, ffLfcSDM-OFDM^/^y > <T> S F3>fc 
L e n g t hS:flJC#i-*itJ±T§fct L*C & > D F ClIH^lit^ i t ji'Tl ft 
S DM- 0 F DMffl07"'J T > ^JV&i^D F 7*- *§&5iK>$#te5Si~* 

[0122] 

Lfc!& s o"C, JifficT) J: ^:SF«Reserve Srfflffli-* £ £ K X «9 , T-7 1 -%&<D 

&o<7), ^^/N^y h^MS^^T-r^. s-co^Mfti^ra*^Bfi"4i tA'-es&vio ^ 

ftKfrS&l-fcfci&K, T- 7 1 ^j£<7)5£$#$lffi~Cf±. SDM-OFDMM^^-7 h 
COS FfrhW&LtzL e n g t h(Oii:Io*^T^'? h il^lt M £$EI? U 

[0123] 

— Ifcl&fc, SDM-OFDMMliT-7 1 ^sSKJfc^T 7*- * fSS*>^i£-e& ^ h 
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[0124] 

~ S 1 7 0 7 ) <h&£o L^L&7^£, i<Dt i (iT- 7 1 ^st (1IL, T>7*;VJ^ 
ftfiHCSDM-OFD M^ll £ tiT V» 4 ) (7) 7*- ^ fx^l^f tlT t^^t 7^7^ o 

[0125] 

LfcfoT, ^2*tt^i^SSia-r ? -^3gHt->XxA-e(±, T-7 1 #5£fc: «t 
St S DM - 0 FDMMt i Sl^fSf ^StS^SlTTIi, #CT-7 1 

[0126] 

„ SFftWLe ng t hi:, D F<97*~ ^gfcteffiJfcJSfeffl^'J TV^D&tfD' (Tjt* 
[0127] 

£OJ:^LT, T-7 1^©^? H:*fLT 

%i£ £ & -MSMtt^ 7''J T > ^DSVD ' <7)*^^#^M KJCS C£ 7*- * g^l" 
f-^^SFC^T^ft^CltCJ:^ T- 7 1 ct^ji^SSti, SDM- 

[0128] 

aTC«^W^to S DM-0 FDMMtlff - ^^Jj8fc**2 > 3U>OT>x 
1 0 0/M h©f-^ (^ft2 0 0^M F) * 1 6 QAM R= 3/4tI$ft 
(T-7 lMtiSiSt^I^Cii, 16 QAM R = 3/4"C(ilO 
FDM^V^fl h^f-^SSSitaii^S*) o SDM-OF 

DM?)fiM*£ffl^'J T^/^DS^D' ©I$ft:Itl»^M^2 OFDMv^t^P 

[0129] 

iOtl, SFCRatetli, DFOSi^t LT 1 6 QAM R= 3/ / 4^.0 ? M# 
^M^OSfet LT 2 £§£5gU Length!:^ D F <D r~ 9 & 1 0 0 ^4 h 
t * fS»S&*£5effl -7° 'J7>7>D&tFD' W7*-?g-P*4 2X 1 8 = 3 6 f (20 
FDMy>Wffi) t ^JO^LTifit-e^S 1 3 M-ffl^-T&lf ^ h7"-^£I£S 

t^o £ fc, SFWReserve ('J ^f- 7* tf y F ) * 1 KgBSgi-fco 
[0130] 

5 DM- OFDM^OiSf^Ili, ic7) «t 9 KK563*lo&(i3*Lfc^*- y 

£> f^cos FKfcv>T\ Reserve C^otv^it, Length!: 

«t «9 7*- 1 3 6 F KKilS^t^iit, StfR at e <t »? ^SCfoW 1 6 

QAM R = 3 / 4 JLT^I. i t Sfc, ££gM^ttfdU 1 

6 Q AM R= 3/ 4X«\±, fcffiffiMfemT'VTyy^l'DRU'D' Ot*- 9 Mtf 2 0 F D 
MV^jK^M^Cfflatai 8/M F 4 t ^Ulff L, DF«f-?Wl 0 CM F 

& fc 4 £ t SFWRa t eCiiJf - ^^^!lSfc* s 2 iiti^ 
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[0131] 

T-7 1 ^5tc^^M^m^_hiac7)^^^y l*S:$#L.*:»^fc(i, 
<5D S F K3o^~C, Reserved* 1 C^otv^ Length K 4 *) T~ ^Sd s 

1 3 M-K5&3ft"CV>* it, 31 at e K 4 6 QAM R = 3 

/4 [^g?JiTi/»4 i t ^r^ffil-So ji^M^Sii, Reserve *U l?**^^ 

[0132] 

±f S L £ 2 * li^SB 5. 3 m. Ml x - ? fSj§ ^^rAl^^t, SDM-0 

3i€1i^*3V^TM'®T r -^^ 2o(;^iL, ^ft-Pft^MM^v- y > ?)D F (a 
) RZFDF (b) [:#ftTlftl,J:^lfeL'CV^ 0 i ft P> 2 o<7) D F ti, |WJ — - 

<^7*-^S-e* D > 1^ — ^^Dl*"5t^ 4 19 ftTiIM£ ft£ i t 4oTV»4. 

[0133] 

§fttfM£f!J-C&*>o £<ai§#, DF (a) RZfDF (b) (7) 7^ ^ L fc# L < it 

&t>&^7>\ ^2*^Bl7^0 f ^3*»i^te^^-^f5Klv'^^A^^l/^T{i, DF 
(a) RZfDF (b) OT , -^JE*ra — LTSf ti^S^io DF (a) R 

zfDF (b) ^m^^Mm^^Mm^x^m-r^z. t t-ei^^ 0 

[0134] 
[0135] 

0 8 l±, *&M1&Wl<Dte1&T-?fc&*sX-T&K&^X$k&^Ztl& S DM-0FDM9J 
m&B, C, SF, D, D' to^TIi, He^fbWtll*-!?**^, iiT^tft 
[0136] 

tFD ' tDF (a) S^DF (b) t -eft^ft, ->7t^7^iVFSF (a) 

S^'SF (b) S:jfXLTVi4it*#ft4, SF (a) Stf'SF (b) {4, -eft-Tft 
, DF (a) S^DF (b) comm^ (Rate) TSLXfT-PM: (Length) £tf 
-$-7*- 9 £^A,WS 0 Sfc, »2*MBi^^3*«BlKt |WI«K> SFc7)Re s e 
r v e Kli, ic7)7N°^r 7- f^SDM-0 FDM^C 4 & & c7)-c& & ^£^i-'lf $6 

£-^A,T^£> 0 £fb^> SFCLengthtS^ti ft 2 ^ffi^JKXWtft 3 

[0137] 

£ft.fcJ:»K iilfi^ y h Lfc S DM-0 FDMM?)i$fitli, if, 

SF^)Reserveia >9^#/^ 7 h*«S DM - 0 FDM^Of-^^WJ 
rt^IltSt, ?f,C, tCi<SF (a) JSlUSF (b) KS^V»T, DF (a) 
RZfDF (b) ft& 7*- ? <D@LM#!M&?t 7 t tA'tS So -Ht, ^^^-r^- 
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[0138] 

*&tifi&&K#^X, SF (a) > SF (b) »7*-v; fCo^TIi, H16C 
[0139] 

AC$U#P'lf3f4 ] £^A,-r33 <9, ^MACfMfPfflSRKfi, £ 
[0140] 

Lj&*Lfcj&«fc, T- 7 l#5£fc «fc£te*laMe>**fr ? j£^€^SKi3V>Tfi, S D M — 
Sl^^-r Ajjsj: ijgcfeLTt&fjs-r T-7 1 ^^^«t &Mlifrli<7><^£fT 3 j£ 

[0141] 

fit, ^ig<D^5*M^^^^&ffiE^T f -^®#->^x^-r(±, T-7 l^^coji 
SrM^fi-C^ S DM- 0 F DM^/^ v > fc^S *L4 M A C IWftHfc - t 

Bfcv> T , **»lo«l-r - * fSM^ X -r A 31 V 1 i ti K ffl V> S M^^S^If 

[0 14 2] 

139 ti, *Wiofc^f-^fSl^^r «Mii3\/>T£|$#3*L* S DM— 0 F DM^ 
H±i£B, C, SF, D, D* > SF (a) , SF (ta) i:o^tli, H 6X0*18 7 ^ 
[0143] 

HI 9 K^k-T^^r v h fcfcV^T, Ji|S^^3 ~$4ilf|^ii:, SFOReserv 
e (U^f-^tf^ h) ;^77 F^SDM-OFDM»*^M-7 1» 
*i^t7 5^fc LTfflViT^4 0 ifc, SFtOLengthlt 4: 5^-*" 7*- * 
*^-CV»4e DFii> MACMffflf $R<^**f'-^ t Lt^W£ 0 DF (a) JkXf 

df (b) fi> ma cwM\m$zm^fc&mr~ ?*&a,x*^& 0 

[0 14 4] 

Z<0£ i •bmWLOrt'T'y Y ££#Lfc S DM-0 F D M^<7)B^€^Sfi> ^ ^ h + 
<?)B> C. S F, DF^T-7 1 ^aS-Ct^Hi"* ttti:, S F^coR e s e r v e Ofg 
CS^T, D. D' , SF (a) > SF (b) , DF (a) > DF (b) ^SDM-0 
FDM^KJ: ^tit^o 
[0145] 

Sfc, Jiti^^y h*$iUT-7 l^<7)B^€SM{i. f+©B, C, SF 

, DF*T-7 1 ^st-eHiii-^o D FKitfczkT*- ? \±^t HT^4n* s , MACMfP 
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[0 14 6] 

fifes. oWM-o^Tfi, ±isco#*ifeBi^&^ti^§^&£ & ^ 

[0147] 

01 0(±. **»B^^I^-r"-^f53iv^xA^^v^T^S:#$tr-5> S DM-0 FDM 
;fo£<7)-r- ^<7V^ y £}M^7^T Ill-cab &o HI 1 0 co±^H^i"/^^ y Ylt, 

iff- ^^Jlfc^ lt*^^ y h-e^> vj , TgC^f/^T- y h f±, 

, SF, DF, D, D' , DF (a) , DF (b) Kov>Tfi, m 6 RZfm 7 K7ji-tt> CD 

[0148] 

m 1 0 <?)±|£^-r^ -7 h fi, %tm<T)T - 7 1 Jjj^KX Rtt^Sfife^^ ^ 

, T-7 l^^CFSDM-OFDM^cov^-ftt^^^fi^^V^TtS^nrf^-e* 

~y co^^h £ l o mm*) M-t i £ CJ: ^i^?itTv^o 

[0149] 

<d«?t^ ^ , ep*,, mmr b lw^- >co#-^b * 2 o mm*) mtz t cj: 19 £ 

[0150] 

T-7 1 -fr^RXfS DM- 0 F D M^st^ji'Sr^fi^ ±I2?)#^ y 
[0151] 

Hi Hi, Bio bcoyi; 7>-7*;Mi^t>iiffi?> «fc 9 ^^m^ttTaiTJ 

ztiz>WMmcD&t)$L : ffZ 7 z:^-tmx$>z>o mi lcojt&nt, mi o co^.m^-t^'r ^ y 

-^-b Sr 1 0 0*Si*3^LT*^$*tTV^O-C, t Offline t & t , tJOTK 

9 x T b <7)M. fflfUffiT^c^ < Sfc. 13 1 1 c^THtti. El 1 0«TSi:^f/^7 

m 1 9 x T b^K7v^ < 

r^h Hll 1 t:^ttIBtii, #ffcoy^ X^t:ov>TlMttv^7tft, EHiftfc 
[0152] 

m 1 1 K^1-J: $ fc, T- 7 1 ^jS&tfS DM- 0 FDM^Kfiitli, 

fv r y 7* )^m^<ommim^<Dm<u*M^&mMT: c o r ml, ijii^ov-c^ 

[0153] 

f!lx_«\ @5 tc^-r^>(g^5B (i, T-7 lMl^SDM-OFDM^^l^tJ: 
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coWfg£gx.&j$MT cor ^taiL, Tcor>15XT bT^Sf^:(i S DM - 0 
F DM^^cDm^^Ut LTKj#L, Tcor^lSXT b^^H^:(iT- 7 1 ^ 

y >t) s T- 7 1 ■ft&.K i><DX*$>&fr$ DM-OFDMM^U h <DX*& &^£^^J 
^fUHftU &j£S:#Mfc LTl&ft-r&i t7iWtgt:^i>o CiU 

[0154] 

HI 1 0 <DT$.l~?F-tS DM-OF DM^©/^ ? h tSf Lfc»^KIi, fijlr 5 '- * £ 

Ul^fc*, fiSSjt**ffltii t bT^-c* »9 , HI 5 ^^T <t 9 *ilf- ^fS^ 
v-^-t-A Jdi3V^T±ie<75 <t 3 4 S DM-OF DMM©^°t y h 5^SS:€$ tlX^X & . 

[0155] 

±f2L£ <fc ? S DM- 0 F DMll^K&^Xfltm-t&M^TyTj'^m- «t > it 

[0156] 

[»7«BH] 

* IS 93 <75 $ 7 * jfc B SB 7) > ^ fc & r - * f£ M =y 7, T A f 4 , & # ®J <7) £ § H £ V > X 7 N° y 

hfp'DS DM- 0 F DMli;m$&m&m7° } ) T y~?MZ- «t «3 >y > ^>S#^*3ftS0 

[0157] 

HI 2 14, ^tt^Sl^i&l&T*- ^fSMv-^-r^ Kfc^TfflV^ S DM-0 F DM^W 

7N°^^ >wflifife^**tB&6«jn^-ria-cafe2>o mi 2^w^ M3v>t, b, s 

F {4#5fc<f)T- 7 1 -ftftte X&^srv V t rai$HflN£ * *L*C ^coti"^ 0 Lfc^oT 
, _hlfib7t#*MBi^J: $ h<^iS#^*lft«!li-4fcie><^T f -^*S F^R 

ate-^Reserv e *K B <DT- 9 «fc «j ifi#^*^ Lfc *> -T&fliSfcfi 

[0158] 

EU2fcd3V>t\ S DM- 0 F DMfxffE&Jijeffl^U TV^DSa t D' t4, Ztl^tl, 

LT#f ft&x- *K £ 00 T"~ ¥K£ «J$#HiB»±JKJLTK: S DM — 0 F DM^C 
7*- ^«c< i t *SfejglJi-S i t^nT^t ^|§SMMV>T, DltlWIC 

[0159] 

SDM-OFDMM^)§iSt!i> 01 2t:gW7f^mt, T-7 

tffin^^oti/^^t^^tait^o ffir^^mmtfc (ffliws^j: ^ims tiffins 

-C^^iWifL, D1OT2 (-D2) £<fc tLSteSfi&ff^ISrffl^-CD F (a 

) x(4df (b) *mm-$-&o 

[0160] 

HI 1 2K*Ws' >*Bfc3ll/±ia<^ J: d %^^W<DMJ&K J: T-7 l-CUEt-Se 

ft? *ITV>4S F <F> t* 1 — ^ H^MSrillx.* - i^<> S DM-OF DMM©^7 ^* 
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[0161] 

^^MftZMcomBT- ^fS^v-^xA-eti, T-7 i ^co/^ y ^$itLTv^& 
H^o-Cb, S Fl'M< DFct)*|Uc7)OFDM^>^;Vc7)^B^^D 1 t-tLT 

DM — 0 F DM^O/^ -7 >-C^>S tWBf LT L* 9 £ "9#&o £<Z> J: "5 

ttJ^ ^*BIjKi-4fci6^J±, 0Jx.tf, SFtSDM-OFD Mff ©feiKtfeffl 'J T 
>yjVDX(iD' toMH, Nu 1 1 4rJ¥Ai-ntf J:v> 0 

[0162] 
[0163] 

±ia#^*fc^38-cj±, m^^MB&'fbi-^7 t cJ6, 2*^7^ftsy ! 2 mT-?Jk 

[0164] 

ifc, ±|B#^lfc^3i"eti, SDM-OFDM^t$fc*TttIt4tt*<^li^tt 
LTAR I B-STD T-7 l^LTV^^ ^IfclJB ii £ UKUfcZ tl& sbtfett 
^<,^Jx.fi\ IEEE 8 0 2. 1 1 a irH JSffl*WI6"C* 4 o 
[0165] 

tUi\ SDM-OFDMM^i^ ifijfccr>ft*ttfflu, El— jaSEaHFtt-efcft 

[0166] 

Sfcfc, iWiHSDM-OFDM^SGHzMltJWfco'T, t£*<7)A 
RIB-STD T-7KIEEE 8 0 2. 1 1 a^ilUfi^fA tO^^^f 

^CDte^T'-^fK^^^-r Afc&^T, S DM- 0 FDM^Wl$#HSi:t*W^ 
iai)MfyXTAt«LTv>Tk -^-c7)m^#Sg7) s il#^^#^coii$#^ 
H^SHI * !§*&■*■ ^ £ t Wtt v> J: m&-t A'-c life*, SSL v'^fA^ 

ii&-r& i ur sit-* 4 o 
[m®^w^^^] 

[h i ] #3&9i£># i ^tt^t^^&MiT^ ? fornix t& Kte^xm^&miemn 

[0 3] l 1 1 ^ fcf r - ^ fel y x f A Hfe^TJB^&^i^g 

[04] 0 3 K^T&mmnK&if z^mfrm^MMMr- ? <v&mmft<vMti*^-ry 

ift^i-0-e&&o 
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im7] 05 K&-rmgmmUA%Lv i BKis\ f *xgm$jift*fT *> &<o!em<r>mfi&^-ry 

DM-OFDMt^f-^^'7 h H&£j^-r0-C&& o 

[0 10] *fl^)»6*Iil^^^iIf-^f5Sy^TA|:^^"Cj|$i? 
S DM- 0 FDM^3t<T)7-'- 9 CD^^r y Ym^W^'^^'tMX'^b^ 0 

[0 11] 0 1 QK^k-r&^f y Y<D7°V Ty7)\<m j $frhn&-£ ti&^mis^^WMii. 
cotlili&B^^i-0-e*^o 

[012] ^m<^m7mMMM^^^^mBr~^Bm^^^^^^^xm^$tiz> 
[013] $t*&mK$$ifz> s DM^fijffl LtzmmMm*yxT2*<D~m&w*$kmmKyF 

[014] 013 i:*tllSt«7>ftTx A n t_AMT x A n t _B75^ii# 
[0 15] 5 GH z%*mmLtcOFDMmMMm^$:K&^X&m~t&mm^v- v h<D 

* f Bfe £ ft b& &tJ k 7jk -r 0 -e * & o 

[0 16] i 1 5 C^tlf/^ 7 f <?)y ^* t 7 - ^ K (SF) 7*- * <7) 

fSj^^^-|-0-e*^>o 

[017] ARIB-STD T- 7 ltt^H<t i»Mtil^^T, &j&ii#fejai$fc£ 



[tf-^M] 




1 0 


1 


jH^W 7^ — 




1 0 


2 






1 0 


3 




1 0 


4 A, 


1 0 4 B 


0 F 


1 0 


5 A. 


1 0 5 B 


R F §15 


1 0 


6 A. 


1 0 6 B 


T VT± 


3 0 


1 A. 


3 0 1 B 




3 0 


2 A. 


3 0 2 B 




3 0 


3 A. 


3 0 3 B 


OFDMlf^#|gg& 


3 0 


4 






3 0 


5 




mm 


3 0 


6 


SDMM 




3 0 


7 







(2 5) 
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[Ml] 



CI 



OFDMff^- 



OFDMfg-^- 



r ^ 3 



[m2] 




ms] 

Y 



-T 



1 ^fgSg§ ! | 






ions f 





2fa#ll 



[134] 











: _ r 






kx^ktx,ktx=k1 



(26) 
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[05] 



TftxA_Ant_b — 



TRxA.Ant.a 



_ SDM Mode W 



T-71 



V7 



-~ TRx8„Ant,a 
TRxB,.Ant„b 



[06] 



| . | c 




0 


DFU) I 




I B 


■ 


- 


D' 


OF{b) j 



[07] 




^i( 5 l2. 3i:^i^fISIfl)SHS7n- 



[08] 



i 8 


c 


i Sf 


o 




DF< ft ) ! 

i 




I ' 


0 


- 


0' 


j SF(b) | 


DF(b) 



[ill] 

t 



!\ 



mmm4 \z *s # « /x y * h «Bfc» 1 m 



[0 9] 



ti TfcjeJVArrt..* » j C j SF OF 



~D j SFl*> DFCa) 



[010] 









T-71 


8 


c 




- i 





m. 

















[012] 



I E I ° Li! J 



DS 02 



TK.AfrtL.fe j B f C j SF 



D : |_'""*" D2 _j 



B 


B 


DorD' | DFCaorb) J 













A m B - STD T-7 1 ft fiE « 7" y 7 > U & m 6 * ft * ^ v h « I 
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[013] 



TxAtntA 



H1I 



H1Z\ 

x 

H2lX \ 



—] RxAnt^B 



[014] 

TxAntA 



TxAnt^S 



a 


a 


Data from Anfc.A 




a 


— a 


Data from Ant^B 



£ *5 h ? * - t v V 



[015] 



[016] 



SF 


















Rate 4 


Reserve 1 


Length 12 


Parity 1 


Tail Q 



AEIB STD T-7 1 fiifS (0 H ^ h K * ft & *s if -y }Vy ■{ — )IP<D mm 




& Length? 



END ^) 



A RIB STD T-71 tfcffi^fittS-ttffJ&SfS&jlScs&g "7 tt- 
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7d> V^i-~zs(D$hg 

(j-£)mm am » 

Mm^m.mmsm^&mm 22^22^ - ^flas^a^ 

^BDfif^lRrSIBfffifSFKSiWr 2 2f22^ ~> + - T'flaSgcttft 

T^KW^KgrffWgif EfiftW 22f22^ J/ ?'1*5^ttl*l 
— A(##) 5K022 FF00 

5K067 AA02 BB21 CC24 HH21 KK03 
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